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1
Understanding Intelligence:

Jhat's in it for Educators?

The eoncept of 1nte1}igence pervades our daily lives at least as mueh'as does
any other psychological concept. Notions about 1nte1Tigence~are particularly
pervasive in education. Almost without exception, studenxs will have takan a
large number of intelligence or scholastic aptitude tests before completing their
edication; for many of these students, their level of performance will have had
important consequences for their school careers. paradoxically, althouch jnte1-
ligence tests have been widely used in education, the concept of intelligence has
: not been particularly informative to educators, beyond its use in providing &
rough guide to determining reasonab]e expectat1ons regarding acadenic perforrance
for students with different Jevels or patterns of inte11ectua1 skills.

The relationship between “intelligence and education is of critica® impor-

tance both £;—;;;se—EEEEEFﬁea*WTfh‘e jonal practice and to those who de re-
search on intelligence. This relationship is of impor e to educator: because

A zhe intelligence of students constrains and informs educat1ona1 ﬁ?eética The
magnitude of these effects may te underes;imated because of the natuva.. t&n de

to view students largely in terms of their grade levels, which is determined for

most students by their chronological age. But it is neither chronologiral age nor

grade level per se that requires sequencing, say, ca]cu]us, 1ate rafhev than early

in the sequen:e of mathematics courses. Rather, it is, in large part, students’ o
developed 1nte11eEtua1 skills and knowledge. The relationship between ntelligence

and education is of importance to researchers in intelligence because farmal educa-

tion is a major factor in the development of intelligence. Indeed, inte'ligence

tests are to a large extent measures of achievement for grades a few yea.'s earlier

than that of the students heing tested on a given 1nte11igence tesc.

o The field of intelligence is presently very different from that which gave rise "
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to the ‘technology (primarily intelligence tests) we know so well. Because of this
difference, we have reason to suspect that the answer to the question posed in the
title of our report is different from, and more favorable than, that which would

have been appropriate ten, or even five ypars ago. This report presents what -

we believe to be today's answer to a 1ong stand1ng question that regard1ng
what's in the concept of intelligence for educaters.

Our repoct is divided into three main parts. First, we consider the basic
question of just what intelligence is. One cannot meaningfully discuss issues of
assessment>and training of intelligence without first dtscussing yhat it is that

“heeds—to-be—ussessed—or—trained, and so we deal with this quest%én_jq some detail.

Second, we consider the implications of notions of intelligence for schooling.

. Our consideration deals both with the training of content knowledge, wh?ch is cur-

rently emuhasized in our schools, and with the tra1n1ng of 1nte11ectua1dsij1s4,wh1ch

is emphasized to a lusser degree. Finally, we present an outline of a program of
1nstruct1on for intellectual skills, based upon our own theory of intelligence.
Beczu~¢ there is nc single, un1versa11y accepted view of what 1nte11igence
is or of wrat its impiications are for assessment and tra1n1ng, we divide each
of the first two parts cf our review into four sections. the first three sections
present al’ernative perspectives on the question beino considerad. The first sec-
tion presents the standard psychometric view, that view which has given rise to
intelligence, aptitude, achievement, and other forms of conventional testing. ‘The
- second section presents the Piagetian view, as developed by the late Jean Piaget
and his colleagues. The third section presents the information-processing view,
which 1s prubably the most popular one among contemporary cogott1ve and e.ucationa1
psychologists. This view perceives intelligence as a set of 1nformat1on-process1ng

skills that can be ider t1fned and understood’ throughthe methods of exper1menta1

psycho]ogica- reseirca, The\fina1 section presents’ a comparison and evaluation

of the alternative approaches.
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What is Intelligence?

The Psychometric Perspective

The psvchometric perspective on inte1ligence is usually traced tack to

. the work of Alfred Binet and his colleagues 1n France (3inet & Simon, 1905},
and subsequently to tune work Qﬁ\;ewis Terman and his co[]eagues in the United

states (Terman & Merrill, 1963&,, Their psychometric perspective sought to

understand jnteilige ce by analysis”of the 1ncreasing\ab111ty of children

to solve relatively complex problems requiring skills of the scrt enciuntered
in everyd;y experience. In much of the psychometric ]iterature, three con- |

cepts have been central to analyzing intelligent performance. The first con-

cept;fchronologicaJaage,__neiens_simbly to a person’s physical age from time

of birth. The second concept, mental age, refers to a person's level of
intelligence in comparison to the "average" person of a aiven chronoiogicai
age. If for example, a person performs at a level comparable to that of

an averane twelve-year old, the person's mental age Q111'be twelve, regardiess

of his or her chrono1og1ca1 age. The third concept, intelligence quotient,

or 1Q, t-aditionally has referred to the ratio between mental age and chrono-
logical age, multiplied by 100. A score of 100 signifies that mental age is
equivalent to chronological age. Scores above 100 indicate above-average ’
‘1nte11igence whereas scores below 100 1nd1cate below-average intelligence.

For o variety of reasons, the concept of mental age has proven to be
something of a weak link in the psychometric aﬁa1ysis of 1nte11igence. First,
increases in mental age seem to stop at about the chronvlogical age of 16.

The interpretation J’ the mental age concept above this age thus becomes
equivocal. Secona fncreases in mental age vary nonlinearly with chronoloo1-
cal age even up to the age of 16. The 1nterpretation of mental ages, and

o% 1Q's computed from them, may therefore vary for different chronological
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ages. Third, the unidimensionality of the mental dge scale seems to imply

a certain sameness over age levels in the concept of intelligence--a sameness
that the contents of the tests do qgt bear out. Infant tests, for example,
measure skills 2ntirely different from those measured by tests for adolescents
and adults. Moreover, correlations between pe?fu.mances on the two kinds of
‘tests are usua]l} quite meager. For these and other reasons,‘IQs héve tended,
in.recent years, to be comﬁuted on the basis of relative ﬁerfbrmance within
{“given age group: One's performance is evaluated relative only fo the per-
formance of others of the same age. Commop]y, scores have been standardized
_4to h;ve a mean of 100 and a standard deviation of 15 or 16. Tﬁése "deviation

.\ -4
1Qs" have been used in much the same vay as the original “"ratio Igs,” although -

in spirit they are quite different. 1In fact, deviation 19s are not even quo-

tients at all!

Whatever its usefulness as a descriptive const-uct, mental age is of

1ittle usefulness as an exp1aﬁatory construci?_ It may describe increases

in level of performance on intellectuai tasks, but it certainly does not

explain them., Psychometricians have thus been led to seek alternative ways

"of coenceptualizing t@e nature of inteliigence. One such way -has been through

the model of factor analysis. Facter aﬁ%1ys}s is a statistical tool that

seeks out common sources of variation zmong people, and identifies these
__common sources as unitary psychological attributes, or factors. Different

'

theorists have proposed differing sets of factors to account for the structure

of mental abilities.

The earliest view, that of Spearman (1927), is that intelligence com-
prises a general factor (g) common to peiformar:2 on all of the various }ests
that are used to measure intelligence, pius a*specific factor (s) involved

in performance on each individual test. The number of specific factors, thare-

L 6
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fore, is equal to the number of tests. A later view, that of Thurstone (193§},/’/ )
is thit intelligence is best described as comprising a set of appro;jmatéf};
seven primary mental abilities, namely, verbal Comprehénsiop,,verﬁé1 fiuency,
number, spatial visualization, percentual speed, memgny;’;;d reagzning. On
this view, any éenera] factor that exists mugt/53<;1ehed as “§econd-or§er,“
existing on1y'by virtue of correlations between the primary mental acilities.
A}re]ative]y more recent view, fhaf of Guilford (1967, 5982), is that intel-
14gence comprises as many as 120 factors, each &f which involves an operation,
a content, and a product. There are five kinds of operations, six kinds of
products, and found kinds of conténts, yielding the 120 (5 x 6 x ¢) factors.
Examples of such factors are cognition of “figural relations, measu'ed by
tests such as figural (abstract) analogies and memory for semani1: relaticni, ‘
measured by tests requiring recall of semantic relationships such as "gold
s more valuable than iron." Probably the most widely accepted vie- among
factor theorists today is a hierarchical one, which has been propo:ed by
several theorists in soﬁewhat différing forms (e.qg., Burt,v1940; Snow, 1978;
Vernon, 1971). On Vernon's view, for instance, intellectual abi1i}’es con-
prise a ﬁierarchy, with a general factor (g) at the top; two major group
factors, verbal-educational ability and ;patia1-mechan1ca1 ability at the

second level; minor group factors at the third level; and specific factors

at the bottom.

The ?%utoy model {s obviously able to provide a gocd structural account
of the nature of fnte11igence. Yet, the influence of the factor modal has
declined in recent years. There seem ‘to be at least several reasons for th{e'
decline (Sternberg, 1977).

First, the factor model provides no mech;;ism for transitinon between

one level of performance and andtﬁer, whether the transition occurs as a re-

8y
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sult of maturationﬁor 9f learning. Although-it ;an provide information re- .
garding performance at each of two respective levels, it does not provide
information regarding tae way in whicﬁgtne first kind of performance gives
way to the second. Thus, for example, one is given no clue as‘lo how tc
account for increwscs that occur in amounts of ab111%1es represented by
factors, or as to how to'éccdunt for the apparent increase iJ differentiation
, of factors that occurs with 1ncreasing age (Garrett, 1946)

Secord, the mcdel has not been terribly successful ip explicating the
processet involved in intelligent behavior. Intelligent behayicr presumabiy
reflects at least in part the ;utcomes of mental prdcesses, but factor analysis ¢’
Jeaves ~ne with little or no idea of what these processes are. Factor analysis
is a s*ructural model, and its strength {1es in providing a picture of hqw
ab111t1e- are organi.ed. But any inferences regarding process usags mace ;n

cthe '~=1' of factor analysis are highly 1nd1rect, and an accoung of structure w1th
out process is high]y incomplete. Hence, the outcomes of factor aralysis can
be viewed as yielding an incomplete account of inte11igencé. )

Thi:d, factor ana]ysis has certain statistical ‘weaknesses that rendar the
fhterpreuation of chtor-ana]ytic outcomes equivocal. The inferentiai mac.1ner)
for disconfirming factorial solutions is not well-developed, making it diffi-
;u1t to distinguish between alternative factor-analytic models. Horeover,
factoric: solutions are subject to arbitrary rotation in space. Imagine a
"factor space" containing a set of axes and points-having various coo:rdinates

.along trose axes. The interpretation of the points (usually tests) will ob-
viougay oepend upon tneir spatial locations with reference to the axes. But
the axes »re mathematically arbitrary: O0aly the placement of points in the
space 1s'fixed. As a result, different theorfes, corresponding to different

placements of the axes in the factor space, can be viewed as accounting for

&
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the Qata equal]y‘we11, a? least from a mathematical point of view. Attempts
“to use methods other than factor analysis 0 distingdfsh among factor theories
that differ from eachﬁbthe; only by the piacement of 2xes in a factor space
vae been scarce, and not particularly illuminating.

To conclude, the factorial model of intelligenca is of some, but limited,

+

usefulness. Its strengthséems to 1ie in its ability to provide a picture of

4

AN
how abilities (at some level of analysis' are organized. Its weaknesses lie

in its inability to provide a unique picture, in its ‘ﬁnab11ity to account
for information processing, and in its failure to specify how transitions
occur.” An alternative framework for conceptualizing intelligence, that of
Piaget, seems to farejbettez on all of these atcounts.

The Piagetian ’Per'spect'ive'| 4

.

_ The Piagetian perspective on inteliigence is usually viewed as indeper-

deﬁt an; distinct, from the psychometric one, but in fact, it in some ways
arose out of and in reaction to it. Jezn Piaget first entered the field of
cognitive Qevelopment when, working in binet's lab, hs became: intrigued”
with children's wrong answers to Binet's intelligence test items. To under-

stand intelligence, Piaget reasoned, one's investigation must be twofold.

First, as was done by Binet, one must 1ook at the way a person acts upon

the environment--at a person's perforNau.e But a1so, and here 1s where

Pfaget began to part company with Binel, ore must consider ggx the person
- performs as he or she does--at the cognitive struct&rei'unéér1ying the
fndividual's actions. Through his rep2ated obsa»vation of children's per-
formance, particularly their errors in reasoning, Piaget concluded that
there are coherent ]ogica1 structures urderlying children's thought, -buu
that these structures are different from trosé underlying adult thought.

In the six decades that followed, Piaget focused his research on delineating

" -

9
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what these cognitive structures might be at different stages of development and
how they might evolve from one stage to the next. '
Piaget thought thal there are two iuterrelated aspects of intelligence:

fts functicn and its structure. Piagét,qa biologist by training, 'saw the

“ function of inte12ig~ncevas no different from the function of other biological
activities, that is, acaptation, which includes assimilating the environment 0
to one's own structures (be théy physiological or cognitive) and accommodating
Aﬁe's structures to én;ompass new aspects of the environmehf. 0“A certain
continuity exiéts..fﬁgtween intelligence and the purely biological process
of morphogenes1s and adaptation to the environment" (Piaget, 1952, p. 1) In

Piaget's theory, the function of inte111gence--adaptation--provided this

‘continuity w1th 1awer bio1ogica1 acts. Piaget rejected the sharp d°1ineation

proposed by others between "intelligent” acts, which were suggested to require

insight ¢r thought, and "nonintelligent" acts, which were proéoséd to reguire

only nabits or reflexes. Instead, he preferred to speak of a continuum in

which "behavior becomes more intelligent as the pathways between the subject
\\\\ and the cbjects on which it acts cease to be simple and become progressively
more conplex (Piaget, 1976).

Piag2t further proposed that the'internaﬁ oréﬁnizationa] stru;ture of. .
intelligeace, and of how intelligence is manifested, differ with age. Piaget
divided the inte11ectua1.aeve10pmént of the individual into discrete, qualita-
tively distinct stages As the child progresses from‘one stage to the next,

¢ the cognitive structures of the preceding stage are reorganized and extended,

through the child's own a&hptive action , to form the under1ying structures
of the equilibrium character1zing the nex* stage. -Piaget proposed three dis-
tinct stages of develcpment: the sensorimotor stage (which lasts frem birth

/

to approxirately two years of age), the peFiod of preparation for and organizg;///f”

) \ 7
Qo . - ) e
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' ////”' sing]e route of intellectual development thdt all humans, regardless of indi¥Yicy]

“ nal, works of Piaget (1970, 1976).
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tion of concrete operations {which is often subdiyided inta a preoperational

and a concrete-operat1ona1 stage, lasting approx1mat§1y from age two to age

twélve), ana the formal-operationa] stage (which is begun at approxlnate1y age
twelvedand which cont1nues through adu1thood) (Piaget, 1976). Because of ]

space limitations, we will not describe Piaget s stages of inte11ectua| de-

@

<&

ve1opment here. Instead, we refer the reader to summar1es by F1ave1f (1963).
.

and Ginsburg and Opper‘(1979), a more dense account can be found in the Or1g1-\

3
Underlying P1aget s gescr1pt{ons of the child's intellectual devalopment

-

‘are three gore assumptions about the nature of the developmental process. Fvv..,

on Piaget's view, there are four factors that interact to bring abcut theychi1d's

- . e

development. 7ih}ge of these factors are the ones usually proposce:. matJrafinn,

" experience of the physical environment, and the 1n%1uence‘of the social envircn- ‘//,//
-~

o~

~

ment. To these three factors, Piaget added a fouurth, .which. coord1~-—es and s

- o
guides the other three: equilibration, that is, the child’'s own se1;;reqp1atory
' processes., Thus,‘Piaget's theory centers on the assertion th t~the child is a

r own intelligence.

very active participant-in the cons;rhction'of his or
Second, Piaget assertéd that this intellectual-development results 1n tne ap-

pearance of developmental stages and thdt these stages follow an invariant se-
quential order, with each Eggceéﬁ;;;/:tage Jdncorporating and, extending tne ’ ,
accomplishments of//be p;;ceding staée. Third., although thel rate of develorment

may vary aC1os§‘ch11dren the stages -themselves and their sequence were cons1dered

by,BJaEE;/::-be universal. In'sum, Piaget's theory asserted that $neré 15 2

/
v

differences, fodlow. Individual differences results from different rates or .

progression along. this route, or from indiv1d651s'stopping along the wav rather

than following the route to completion. ' : ‘

11 ..
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It wou]d be d1ff1cu1t to overest1mate the 1mpact P]aget s theory has had

.

upon thinking about 1nfe11ectua1 developmert Yet, the theory Jeems to have

¥

‘become somewhat less 1nf1uent1a1 during the 1ast several years. In part

’ this dec]ine may be attributed to the rethinking and ret,s1on1sm that inevi=

)

.tably. follow some years after any major breakthroogh But there seem to be
more substant1a1 reasons as well for the decline. "

.First, the expfaﬁatory value of the coacept of a stage of intellectual

deve1ooment has been called into serious. question (see, for examp]e,«erainerd;
1978) on the one hand, the concept of a stage is uséful because.of}the ap-

parent emergence of groups of re1ated behaviors thai are qual‘tative1y differ-
ent from the behaviors that preceded them. On the other hand’, the concept of °

"a stage is vitiated by the clearcut deve1opmen‘ that oceurs within as well as

between stages, -Piaget and his col1eagJes account ‘for this within-stage de-
< 8

u.ye1opment 1n‘two pr1nc1pa1 ways. Thc rirst is throagh the postulation of .

substages. The other is through the p)stu1atgon of horizontal décalage, by -~

which abilities such as seriation or transitivjty are alloved to déye]op stowly
rather than to appear all at once: A%i]ftdcs oermeate s1ow1y-t“rough'+he
var1ous content domains to which they can be applied, rather than appear1ng

in a1l of these content doemains simu]tan oust. For exdmple, seriat1on with

sizes might precede ser1at1on with shadings. The, prob1em, of course, is that as

r

the borders between stages ar;,b1urred the usefu1ness of the stages is explana- |

1 S

tory constru.ts decreases,/f . T ' ' . PR

Second although the stages’may g.plain ingividual differences™across chilgd-,

hood agé levels reasonably'well, they seem inadecuate to exp1a1n individual

differences beyond early adolescence, ard particularly, between adu1ts of the

same approx1mate age. Differences in 1nce11ectua1 performance among “adults

remain striking, despite the fact that most of them can_be presumed to be

LY

&
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forma]-operational. Either the stage construct 1§ inadequate, or at least one

. additional stage must be postulated, (see, for example, postulations of "fifth"

steges. by Arlin, 1975, and Case, 1978). The inability of the theory adsgiately

to iccoﬁhf for individual differences among-adults-inevitably-casts-a shadow - ———

on/;hé validity of its characterization of indivicual differences among chilcren.

P%esumab]y. the sources of individyal variation are not totally different be-

tween adults, on the one hand, and children, on the other.

Third, ceftain aspects of the theory seem simply to be incorrect. 0bv§ous1y,

nq'theory will be correct in all its aspects. But some of the most fundamental

tenets of Piagetian theory have been challenged in recent years, #ith apparant

justification. An example of Such a challenge is that of Trabasso (Bryant &

FOBIEE

Trabasso, 1971; Trabasso, 1975) to the notion that transitivity 1s impossible -

before the stage of concrete operations. In a series of ingenious z.periments,,

»»

Trabasso and his colIeagues have provided strong- ev1dence that failu-e of

preoperat1ona1 chi]dren to so1ve transitive inference problems 1s dvz to memory -

rather than reas?ning 11m1tations. When memory demands are removed from the

task, preoperational children do appedr to be able to perform transitive-in-

ferences. This is only-one of a number of examples of instances 3n4whjgg_£iaget“sA,::

thiory seems inadequately to account for existing data.
Fourth and fina]iy, Piagetian theory seems to be far more appiicatle to
the mathemautical and scientific thinking of children (and particularly of older

»

chi]dren) than it does to their thinking in disciplines such‘as literature )
and history. This bias. in the«coverage of the theory man1fests itsalf-in tre
tasks that have been 1nvestigated Almost all of the tasks administered to
concrete- anJ formal-operational children are logical and scient1f1c in nature.
A comp]ete th%gry of 1nte]1ectua1 deve]opment, however, wou]dﬂneed to s3y more
about the devé]opment of more intuitive forms of thinking than does Pragetian

theory in its present form. "

W
13
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To conclude, the Piagetian model of intelligence is of considerable

usefulness. But its usefulness, like that of the psychometric model, is

Ahjiniteo Its strength seems-to be in its detailed account of the develop-
ment of scientific forms of thinking, and in its well worked out. mechanisms
for transitions between levels of development. Its weaknesses are in its .
1imited applicability to nonsdientific forms of thinking, in probable errors "
in the reasons postulated for certain benaviors, in its inability to account '
for 1nd;v1duaf'differences emong adults, and in certain weaknesses‘cf the

"

‘concept o? the stage.

s

The Information-processing Perspective

Infornation-processing conceptiois of 1ntelligence have in common their

view of intelligence as der1v1ng from the ways in nwWhich g people mentally-repre-———
sent and process information. Such conceptions‘héve often used the computer

) program as-a metaphor and heuristic for understanding how humens process infor-
mation. Although the history of the irformation-processing approach is often

traced back to Donders (1868), who propcsed that the time between a stimulus

and a response cou1d be decomposed into @ sequence of-successive—processes,

the modern history of the approach goes back on1/ to 1960. — “Two seminal™ ————
works appeared in that single year: Newell, Shaw, and Simon's (1960) "report
‘ of a general proolem-solving program,” 2nd Miller, Galanter, and Pribram's

(1960) monograph on Plans and the Struciure of Behavior. These works each

proposed therries of information pFoEessing, and proposed that these theories

could be 1mp1emented and tested via diaital ccrpdtersc Neweil, Shaw, and

Simon actually presented a program, the Gereral P:oblem Solver (GPS), that
could solve difficult reasoning problems, usiny cnlv a relatively sHﬁl] number

of algorithms and heuristics.

)' L Whereas many psyohometric theorists of intelligence have agreed upon the

- 14 )
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factor as the fundamental unit in terms of which intellectual behavior should
be afi~lyzed, many information-processing theorists have agreed upon the’
elepentary information proces; ;s the fundamental unit of behaydor_(NeweIi &
Simon, 1972). It is assumed that all bekavior of a human\1nfofma}ion—proées-
sfng system is the result 6f combinations gf thase clementary processes. The

[ - -
Dy

processes are elementary in the sense that they are not further broken—down

into simpler processes by the theory undar consideration. The level of analy-
sis that is considered to be “elementary" wiil depend upon the type of behavior

under consideration, and the level at which the theory attempts to account

-~

for the behavior. ~ - » N
v The notion of an elementary information process is obviously a general

one. Some investigators havé suughi to specify further the notion and the

-Ways muTiip]é'éTEﬁéﬁfEfi“TﬁfqFmatfun“pracesses“mijht—eombine»inﬁtaskgpenfcnmanggi,_

-

. .
_ Consider first Miller, Galantar, and Privram's (1960) proposal
of the TOTE (Test-Operate-Test-Exit) as the unit of interest. Each o

unit of behavior begins‘with a test of ihe present outcome against the

desired outcome. If the result of the test is congruent with the desired

~outcome (caTTed an Image)anexit—{s -made—-If-not,-another operation is

* performed in order to make the result of the next test conform as closely
as possible to the Image. If the resuit of the next test is congruent with
the Image, an exit s made. Otherwis2, still another operaticn is performed,
and so on down the line until a test results corresponds to the Image (which

I3

may have been modified along the way in order to make it conform more ¢losely

to. the demands of reality).
Sternberg (1980, in press-b)yhés expznded the notion of an elementary
information process in a somewhat di fferent way, sucgesting that processes

can be viewed as being'of three basic types--metacomnonents, performance

15
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components, and knowledge-acquisition components. Metacomponents ar: higher-
order contrcl processes that are used for executive decision making in
problem soiving. They include processes such as deciding upon the nature
of the problem being confronted, deciding upon a strategy for task per-
formance, and cor~ectly interpreting external feedback. Performance com-
‘ponents are the processes actua11y used in task performance. They include
processes such as encoding the terms of the problem, inferring relations
between these terms, and comparing.a1* ative possible sofutions. Knowledge-
acquisition compoﬂents are processes .. in learning new and consequential
information. They included processes such as selective encoding, by which “
one distinguishes relevant from irrelevant inform;tion that one encounters
in matorial to be learned. and se1ect1ve comparison, by which one relates
1nformaf10n one has 1ust encoded to old 1nformation that was a1ready part of

one's kncwledgé base.

— g e - e —

3

Newell and Simon (1972) have proposed yet another expansion of the
elementary information process, suggesting that information processing can
be understood in terms of the operation of "production §ystems" havings pro-

ductions as the basic constituent units. A production is a condition-action

T sequencet“”rf'a*certainﬁcondrtﬂon 1s met; thén—a-certain-action—is-performed-—
Sequencas of ordered productions are then called production systems. The
“executive" for a production system is hypothesized to make 1ts'way down
an ordered 1ist nf productiene until one of the conditions is met: The action
correspgcnding to that condition is executed, and control is returned to ths

top of tha 1ist. The executive then maLes 1ts way down the 1ist aga1n, try1ng

to satisfv,a condition. When it does so, an action is executed, control re-
" turns to tne top, etc. “

Déspite their currency and considerable popularity, information-processing -

“ v
..
o o
’ 16
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conceS%ions of intelligence seem to be 1imited in several important respects.
First,‘the :ohcéntrated focus upen cognitive processing has led to a neglect
of motivégiona] environmental, and other variables that limit the operation
of 1nte111§ent functioning. A computer may not te troubled by insufficient

motivation or constraints placed by envircnmenta1 u.;tractions--peop1e are

~so troubled. Second whereas factor models have been criticized for empha-

| °
sizing structur&] considerations at the expensg of process ones, informaticn-
processing mode1§1might be criticized for the }everse: They seem to provide

1ittle or no structural system to take the p1ate of the factors of psycho-

metric theory. Third, questions of transitioné‘in intellectuai development
seem insufficiently to have been worked out. Hhareas several investigators

have attempted to indicate how infbrugt1on-prqce<sing constructs could ac-

1

count for transitions from one state tc the next,\e.g., Anderson, 1976),

none of-these -accounts match Piaget'S”for“sensitivi:y-to and credibility re-

garding developmental issues. Fourth and finally, 1nfbrmation-progessin§
accounts, like Piagetian theory, have tended to focus upon very analytic
kinds of intellectual functioning. Mo one has & viable information-processing

pid

account of literary or artistic talent, nor is it even cledr what form such

) "’*“Man*a'ccolfnt*wo uld-ta ke“ - - - = o T T

N

=

In conc]usion, the 1nformat1on-pr cessing apprcach to inte]]igence has

prov1ded a major step forward in our uud°rstand1ng of 1nte111gence. It. has

specified intelligent functioning with a degree of precision and testatility

unrivaled by other accounts. But the zoproach is lacking in a number of re-

_spects, particularly in its insufficient regard of motivatioril and environ-

——
mental variables, in its skimpy accounts of striciural matters, in its ir-
Fa

completeness in accounting for transitions 1n'3nt§11ecgya1 developrnent, and

]
-

in its concentration upon analytic functiening.’

: C 17
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Comparison and Evaluation of Perspectives

The similarities and differences among tpe three approaches to defining
the nature of intelligence can perhaps best be po?nted out by comparing hcw
they would account fof performance on a single type of problem. . Consider, i
for example, an ;halu;y of the formA : B :: C: (D]. DZ)’ Eth as DOCTOR :
PATIENT :: LAWYER : (judge:'client). Ana1og%es have been féQnd to te among
the best single indicators of overai] intelligence (Reitman, i965; Spearman,
1923; Sternuberg, 1?77; Nhigely,1977),\hnd so provide a partiéular1y apt
illustrative example. | .

A psychometrician wouid attemﬁzlto understand performance oa the analogy
by examining tne underlying f@ct;r§§pf intelligence that contribugh to indi-
v{duel differences in performance. 5 believer in Thurstone's (1938) theory .-
of primary mental abiIitieS'mighf identify these factors as verbal comprehen-
sion (sinze the terms of Fhe analogiés are wor;s) a?d reasoping (since it
is necessary to_rea§on with the words). He or she might then postui:le that
‘differences in $eop1e's‘ability to §o1ve analogies can be accounted for dit-
ferénces in their levels of verbal compreheﬁsion and, especially, reasoning
abilities. MNote that in this approach, the analysis of intellectual benavior
(2) employs a structural modeil‘tb)’concenfrate5“upgn~variatﬁon among indi--
viduals, {c) employs standard 1Q tests (in this case, most ]ike1y Thurstohe's
Primary Montal Abilities test) to assess intelligence, and (d)’assumes that
performance o% a given task is an additie function of a set of underiving
/ abilities expressed as factors.

_Aﬁeiagetjan"wouldﬂatiemptbiolundensiandmperfonmancé on the analegy by

understanding the 'ogical opecations underlying analogy solution, and by

-—~‘—m~!4§EEifX1ﬁ§ staées leading up to satisfactory:Bna1ogy solution. In “act,

- %

iiaget, with Montangero and Billeter (1977), has suggested three staszs in_

T— .
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the development of analogical re;soning. In the first stage, characterizing

the perfo}mance of children of ages § and &, children can understand relations
between pairs of terms, but ignore higher-order re]at.ohs between pairs. Thus, °
although these children can link A to B or C to 0, they cannot Jjnk A-B to C-D. °
In the second stage, chzracterizing the performaics_of childréhx?fom about 8 to

N years/of age, children can form analogies, but when challenged with QOUnter¥’

suggestions, they readily rescind their proposed analogies. Piaget interprets
this finding as evidence of 'v a weak or tentative level of analogical reason-
ing ability. 1In the third stage, characterizing the performance of children from
age 11 and up, children form aﬁq]ogies. are able to state~exp1icit1y the con-
ceptual bases of these ana]ogjes, and vesist countersuggestions from the experi-
menter. Note that in this approach, the analysis of béhavior (a) empioys a -
model of the davelopment of schemes fsr problem solving, (b)- concentrates upon
what is common to individuals of a gives age, but 7ot common tb individuals of
different ages, (c) employs a clinical method (usually observation) to assess
1nte1}igence, and (d) assumes that pertormance on a given task can be understcod
.in terﬁs of the availability of 1d§ica1 functions for problem solving.

An information-processing ps}cho1ugist wouid attempt to understard per-
formance on the analogy by examining the processes that contribute to performance,
and that make some analogies more difficult than others. In my own theory, for
examp1e3(Sternberg, 1977; Sternberg & Sordner, in press), an 1nd1vidﬁal‘s per-'

formance would be analyzed as requiring enéoding of the terms of the a1§1ogy, -

inferring the relation between the A and B terms (DOCTOR and PATIENT), mappinc
- -— -the-higher-order--relation that links the first hic’# of tie analogy to thesecond  ~ -

(the DGCTOR half to the LAWYER half), apolying the relation previously inferred from

cncaring

O

AtoB so as to create an ideal comp]e;ioh'to the analagy (say, CLIENT),

the answer options to see which is closer to the ideal answer (jn this case, .

s — -
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" " one of the options is identical to the ideal), and responding. Note that in
this approa:h, the analysis of intellectual behavior (a) employs a process -
model, !b) concentrates upon variation iu item difficulties, (c) emplays

. tasks that usually have to be presented by computer in orqer tq decompose
response time.inty ¢*s constituent pcrts, and (d) assumes that performance
on & given task is an additive function of a set of componen£ processes,
whose componeﬂt latencies add up to yield total latency.

We believe the three approaches to understanding intelligence are largely
—cémplemgptary rather than ﬁutua]]y exc1usive.n Inaeed, it can be shown that
their formg\BT‘ana]ysis map into each other (Sternberg, 1982). Hence, we
see no rieed to rdﬁﬁdsé“\ihongkgggroaches. Rather,‘a better goal would be

to vi=2v each as dealing with différehzlxbﬁt‘ovenlgpping asnects ¢f intell..

gence. The question then arises as to whether therSraég\QEEECts~af\jn}e111-

gence that are neglezted by al” three zpproaches, and that thus are being e
siighted in‘contemporary cognitive science. '

7 We would define intelligence as the purposive selecticn of and adaptation
to real-vorld environments relevant to one's 1ife. This definition has
several implicationqg* First, intelligence is defined in relation to i2ai-
world environments. MNone of the three approaches has seriéus1y dealt with
tasks an2 task performance that are relevant to the everyday world. To. the

¢ contrary, the tasksathat have been studied have tended to be/rarified and

even contrived. Second, intelligence is defined in terms of the envircnment

as it ic relevant to one's life: Intelligent behavior in one cuiture may
* e

be quite different from intelligent behavior in another culture, dependiny

upon the damands cf. the culture and its surroundings. But the kinds of prob-
lems that nave been studied seem to have 1ittle relevance to most peobple's

‘1ivas, aside from the testlike situations in which éhey are presented. Third,

| 20
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intelligenca is defined in terms of selection of and adaptation to environments.
Although the tasks and theories that have been proposed may be vaguely related
. to such skills, théy se=m véry removed from them. The ability to answer |
analogies, or to answer vocabulary questions, hay well he predictive of real-
world adaptatioi. Sut none of the tests or theories deal directly with selec-
tion and édpptation, which is what we believe intelligence 1s‘about. Finally,
we believe intelligence is purposive: One shapes one's 1ife according to
plaﬁs, both short-term and long-term. Although current theories and tests may
assess planning skills, the plans assessed are at a much more microscopic levei
than the kinds cf plans we believe are relevant to selection and adaptation
in reai-world erivironments.

Our conclusion, then. is }hat theorists and technologists have to gef out
of laborztories and iato the real world, whether it i the world of the ;chéc
or the world of the «Jult worker. We do not~be11eve that current theories &nd
tests have no. value: To the contrary, they seem to deal well with intelligance

as it relates to the internal environment of the individual: The theories

aptly dacompose intelligence into its constituent parts. Where the theories

" seem to f2il is in their ignoring of the relation betwezen inteliigance anz. the”

external anvironment in which intelligence functions.‘ Intelligence does not

operate>?h\Q vacuum, but rather in a world that is‘constantly increasing

in complexity.\If our understanding of intelligence:.is to have any relevance

for understanding t e\szerface between the individual and this werld, it will

have tc study thq‘functionigg\of the individual in this world, rather than
merely in a laboratery or on a\standardized test. Studying such.fﬁnctioning
is much more diffizult than studying\functioning under highly controlled condi-

tions such as characterize a psycholog?btgs 13bora¢ory. But we fear that
/

/

AN /
unless the leap is made, psycho1ogists--tqdétQS:;?ith their theories and tests--

will be left far behind in-a rapjdly changing wo.lg. Their noticas of inteilie-

21
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gence and intelligence testing may continue to develop, but in ways progressively
more out of touch with the real world. We believe the time has come to bring '
the world intv testing. 'Idea11y, this day would have come before testing was

£

brought so prominently into the wor'd.
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. What Implications does Intelligence have for Education?%

What implications for intelligence can b; dFrived from the alternative
approaches we consideres” in the precediny part of this report? We now turn
to this central question, dealing in turn with each of the psyéhpmetric,
Plagetian, and {n{c-mation-processing approaches. We shall divide our
consideration of eaci, approach into two major sections. The }irst sectioﬁ

will deal «with deriving educational objectives; the second séction will

deal with gg;chiﬁg educational bbjectives. Each of these two sectitns

will in turn be further divided into two subsactions, one concerining the

development of intellectual skills, the other concerning the development

of knovizdge a.d knowledge-related skills.

Educational Implications of the Psyéhometric Approach to Intelligence

Th2 nsychometric approach to 1nté11igence has been intimately related
to e&ucation since thz turn of the century. Indeed, Alfred Binat's werk
on intelligence testing began with his commission to identify children who
would be -mable to profit from normal instruction in the public schools of
France; 5ince Binet's time, the testing movement has always been very closely
linked to educaticnal goals and to the educaticn;1 estatlishment.

Deriving educational objectives: Intellectual skills. -Many intervention

programs iiave been aimed at the goal of impro;ing intellectual skills, especially
programs at the preschool level whose pu.pose has been to make chiidren more
ready for formal schooling (see Bronfentienner, 1975; Gordon, 1575; and Palmer &
Andersor, 1979, for comprehensive reviews of such programs). ’

Project Head Start is perhaps the most conspicuous example of such a
program. The program provided activities Jdesigned to facilitate 1angu§gghde;r
velopment and to ennhance performance on a y}ritty of tasks similar to:fhose

found on intelligence tests. The program had other equally ihportant goals.'

N
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A

t such as the provision of health services and social deve1opmént (see Zigler &

Y

Valentine, 1979, for a comprehensive review of the program). There was no -

one Head Start curriculum, and in fact, no one has been in a position to say

" just what the experiences in most of the centers were 11ke (Miller, 1979). A'

survey conducted by the Office of Child Development in 1972 identified more
than 200 curricula, many of which were used in Head Start classes either

sing1y or 1n combination.

A]though it is not possible to speak of a single Head.Start curr.cu]um,
one can ident1fy program models that were adopted by multiple Head Start

centers. One such model is a program developed by Carl Bereiter ind Sigfried

“Engelmann at the University of I11inois in 1§66 (Bereiter & Engelnnn, 15€8).

The curriculum was essenf1a11y a crash program designed to build the skills
that would be needed for first-grade work. The program in fact resciabled
a firft-grade class more thaﬁ,diq’most other programs. The p;Ogram’e highly
academic emphasis can be seen by considering just a few of the 15 specific
minimum goals it set for students (Whimbey, 1975): (a) the ability vo use
poth affirmative and negative statements in reply to the quéstign--what is
this?, (b) ability to use the prepositions-on, in, under, over, and paidecn
to describe relations among objects, (c) ability to perform simple jf-then
deductions, and (d) ability to.name colors. The Be;eiter-Engelmann program
and, other highly academically oriented programs 1ike it seemed to prvduce
greater gains 1n both IQ and achievement test perfo;manée than did the less
academ1ca11y or1ented programs, |
Because of the great diversity in Head Start centers, 1t has been d;ff1-
cult to-eva]qage the success of the program in terms of gains in acacenically
important intellectual competencies. Recenﬁf}, Lazar ard Darlington (19€2)

completed a longitudinal follow-up on twelve early intervention programs.
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These programs were not a random sample of Head Start centers, but rather a

clearly nonrandom sample of experimental, research-oriented programs for chil-
dren from low-income families for whicn careful documentation was pvai]ab]e.

Long-lasting effects were reported in som2 areas, but not others. Some of -

" the majn conclusions were: _ .

.

v 1. Pérformance on the St;ﬁfbrd-Binet Intelligence Scale was higher for
children in the programs than. for childran whc served as:conf}o1s and did not'
participate ip the programs. The gains lasted for several years afférithe
comp1étion of the programs, but eventually disappeared. ‘Follow-ups 10 to 17
years gfter‘Fhe prog;ams ended found no significant differences between pro-

gram. and control children. ‘

>

2. Children who-attended the ¢ragrams were less 1itely to be assigned

%

to special edqpayion classes and were less likely to be retained than were

-

control children. »
3. The programs resulted in 1mp;;ved attitudes toward school performfﬁce
on the part of students and their mothers. | . o . i ‘
Another approach to 1nte11ectua1-§xi11s training is that proQidéd by
6uilford's Structure-of-intellect (SOI; Model (tuilford, 1967). The model,
mentioned earlier, classifies intellectual factors according to contents
(figural, symbolic, and semantic), operations (cognition, memo}y, evaluation,
convergent production, and divergegt preduction), and products ‘(units, classes,
relations, systems, transfo?&h;ions, and implicatidons). Guilford and nis. associ-
,at;s have devised tests purported to measure mos*, but not all of the factors
gotten by crossing all possible combinations of contents, operations, and products,

Meeker (1969) devised a means cf descriting per¢-mance on individual intelligence

tests in terms of the SOI model and provided §bid§nce on use and interpretation
N

—~

of the model.
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-~ An example of a 1ong1tud1na1 1mp1ementat‘cn of the SO0I model is the
Glendora Un: f1ed School District PrgJect (valett, 1978). NormS°rave been
determirned for chi1dren 5 to 12 years old on numerous short tests designed-
to test the SOI factors. A profi}e is constructed for eath chﬁld on the s
basis of his or he, test performa\e;, aAd a Erescript1Ve educational prograr '
'“}s then 1mp1eme3ted. A numbey- of games, activities, ahd~curr1cuﬁum materials
have been constructed for the purpose .of remediatiov of weaknesses In1t1a1
results suggest that children in the program do sign{f;cantIy bettér whpn - ?f
later tested on the SOI tests than do comparab1e control ch11drcn
Another program based on Guilford's mode) is Think (see Valett, i9§8)i L
7 Thg Thirk curriculum is used with elementary and secondary school, students -
who «eronstrate a weakness in conceptual abilities. The program“has been de-
signed esoecially o develop six thinking skills: thing making {mental pro-.
cesses Tor becoming aware of and naming things), qua11fication (recogn121n~
the un1que sensory, emotional, or logical aspects of a th1ng), c1ass1f1cutlon
(sorting into groups on the basis of common properties), structure analysis
(dividing things into constituent parts); operation analysis Zdividiné evehts
into phases or stages), and ,seéing analogies (recogrizing similarities Lethaen
reiationships). Evaluation of the program suggests that students part?cipating

- dn it jmprove in language and reading skills. ' K - ]

It has been argued that an importart reason for the aopu1arity of the
IQ as a measure of program effectiveness--and of IQ tests as the bases for pro-
gram curricula--is that it became obvtous that virtﬁale any 1ntervertion pro-,
gram, even one lasting only six weeks, all‘but guaranteed an increase inIQ

of about 10O points (Zig]er & Seitz, 1982 ), or more (Hunt, 1971). These

gains may aot ref1rctsinte11ectua1 sk111‘d1ff§nences. houever It seems likely

-

that the pi grams effected motivational changes and 1mprovenents 1n test-taking
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skills, as well as or poss1h1y instead of improvements in cognitive skills
(Seitz, Abelson, Levine, & Zigler, 1975; Zigler, Abelson, Trickett, & Seitz,
1982.) This ‘explanation is consistent with the common finding that thn

gains are lost when children leave the programs. The subsequent loss h>s

led Zigler and Seitz to recommend that interventions be d1rected at 1mprov1ng
family support systems, sincé such systems would be a necessary (axt"nugh
clearly rot sufficient) cond1tion for ma1ntenance of gains, at least through

8 child's schooling. ' o . g

Derfving educational object{ves: knowledge and knowledge-related skills.

: The produc. of the psychometr1c approach as applied to knowledge aad knouleujz-

related skills 1s the standard1zed ach1evement test. An example of such a

o test is the Stanford Achievement Test. This test, like others of %¢s kind,

is used for d1agnos1ng strengths and weaknesses in the past learning nf

ind1V1dua1 students, groups of students, and school curricula. In pr.ticular,

test scores can be used to generate educational objectives for studerts with

Qeaknesses in particu1ar content areas. The areas covered.by the Stanford--
vocabulary, reading comprehenslon, vord study skills, mathemat ?.cepts,
mathematics computat1on,.mathemat1cs app11cat1onss spelling, 1anguage, secial
science sc?ence: and listening comprehension--are typical of such tests.

More specific tests have also been designed that prov1de diagnostic infor-

mation 1n more Timited academic areas. For exanp]e the Stghford D1agros+ic )

-Reading Test prov1des scores for literal read1ng*comprehension, 1nferenf1al
- reading comprehens1on, vocabu1ary, sound d1scr1m1nation, blending, and rate

.0f reading.. Although the, 1nformat1on provided by specific diagnost1c tests

such as this one is quite precise the 1ack of emphasis on: process in the

e

psychometric approach presents a prob1em for prescribThg educational ob1c es:

Without. an understanding of the processes used, ‘say, in sound blending, it

can,be difficult to generate a presciiption regard%ng exaetly how tezchirg and

- ]
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learning should.proceed.

e

\\ .
Reaching educational objectives: Intellectual:skills. How can tests be

used in the schools, particularly with regard to assessing the interface be-
tween intellectual sk11ﬁs and schooling? Several suggestions have been made

in this regard. One set of suggestions derives Trvn Glaser (1976, 1980).

.

Glaser has proposed that the interface between testing and schoo11ng can pro-

3

ceed according to any one of five different models:

1. Selective, fixed-track model. Tests are used'to judge whether a
student has the initial competence neeced to succeed in an instructional
program. If the initiai competence is present, the student is admitted to
tne program; if not, the student is d‘signateo a poor learner and is not ad-
mitted to the program. This has b.cl the traditional approach to dealing .
with 1nté11ectua11y handicapped children.” Until.recently, such students

would be rout1ne1y excluded from regular pub]ic scnoo] programs.

2. Development of initial competence mode]. This model includes all

aspects of the first model plus an additional aspect. If, upon initial
testino, the studentcdoes~not demonstrate the competency required for prooram
entry, a remedial- program is instituted for the purpose of 1nproving the com-
petency to the point where the student can enter the program Federaily funded
remedia1 reading and mathematics programs are examples of this mode] gtudents
who do poor1y on standardized reading and mathematics tests are e11g1voe tc
receive remedial help. ° (In the pure cas2, students would not:be alloved into

‘cegu1ar programs until the initial recuired competence wvas fully demonstrated.).

3. Accommodation to divferent styles of 1earn1n§\mode1. This model is’

similar to the first model, except for the faci *hat several programs are of-
fered, each with its own test of competence for being admitted to the program.

A stJ%ent could be admitted to any program for which the required competencé

& - .. .
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was demonstrated. The idea is that a learner could find a program that ac-
commodates his or her particular style. At first glance, tracking in public
schools might appear to be an exampie of this model. 8ut such tracking is
a poor example, because tracking generally takes into acc;unt only rate, not
style, of learning.

4. Development of initial competence and accommodation to styles of

* learning model. As th%fnaﬁé suggests, this medel is the third one with the

added provision that students who do not demonstrate competence for beirng
admitted to any of the programs are given an option to receive remediation
that will eventually enable their admission. - . )

5. Alternative terminal aitainmests mote!. This mode} is the fourth

witﬁ the modification that students mist not all meet the same terminal

crigeriOn. This model is illustrated %y high schoo'ls that awafd aifferent
dip]omis depending upon the nature ard :evel of student acc;mpiishiéﬁts:
Another set of suggestions regaraing the uses of standardized IQ tests
in the schools has been put forth by R;snick (1979). She has suggested that
three purposes ctould bé served by stardirdized tests in the management of

instruction:

1. Sorting function. Tests are used to determine who gets into which program.

2. Grading function. Tests are used in conjunction with grades in school

-

to assess how well a student {s learniry. Often, a student is labelad an "under-

achiever” if high IQ test scores are accompanied by low grades and/or i:chievement

©

test scores. ’ s 3

3. Monitoring function. By monitoring is meant the assessment of performznce

during a program for the purpose of makingradjuztirients in the program or its im-
plementation. According to Resnick, standardi%ed tests do not serve this functioss

well, since they do not provide the precise determination of what hés beern mas-

tered and what should come n.  that this function would ideally require. .

29 o
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' Reaching educational objectives: Knowledge and knowledge-related skills.

The psychometric approach can be used for the purpose of reaching educafionzl
opjectives related to iie development of knowledge and knowledge-related skills
when it prevides information (often in the fqrn of test scores) that can be
used to describe Liis *nstrnctiona1 program that would best suit a partigu]ar
learner. ‘
A substantizl body o7 research on aptitude x treatment interactions
(ATIs)\afdtesses the issue of matching instruction to learner characteris-
“tics. ATI refers to interactions of 1nstruct1ona1 treatments w1tn 1nd1v1dua1
differznces in learner character1st1ag. A thorough rey1ew of the ATI approach
and studies doae under this approach can be found 1n Cronbach and Snow ’1977)
We provide here only two illustrative examples. ]
The first is a racent study by Petersnn, Terence, and Swing (1921) on
- S 1nterar11*ns between 1nte1]ectua1 ability and large versus small group instruc-
tion 1n fourth and fifth grade students. - Students were taught a two-week

geometry unit in either a large or a small gnpup §1tuation. A s1gn1f1cant

curvilincar aptitude-treatment interaction was reported,‘with high and low

<

abi]ity students doing better in the small group cond1t1on than in the large

group condition. Medium ability students did s1ight1y bétter in the 1arge

Qroup cendition. This result is explained in terms of high and Tow ability

students “enefiting relatively more from peer tutoring processes that occur

in small group instruction.

A szcond study (Janicki 3 Peterson, 1981) examined the interaction cf

direct instruction (as in a classroom) versus a small-group variation of direct

instruction with !earner attitudeé and locus of control. Locus of cgntrc1,’

refers to Le]iets aoout the extent. to which irfportant 1ife events are under

one's own control. An ATI was reported in which students with more positive
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attitudes and an internal locus of control were better in the sma]]-group varia-
tion of direct instruction than in. the c1as;roem variant. The exp1anat1on of-
fered was that the smali-group setting otfered more opportunity for choosing
activities and exerting control over learning.
Comprehehsnve reviews of the ATI literature suggest several limitations
in°what, in-theory, would sound 1ike'$n ideal approach -for re}ating intellec-
tual characteristics of the learner to instructional treatments (see Cronbach &
Snow,- 1977 Snow, 1976, 1977; Tobias, 1976, 1977) . First, the literature is-
fi]]ed with inconsistent and seemingly unreplicable results. Very, very few .
results have . A;E .even one rep11cat1on across subjects and exper1menters
Second, there i< -some quest1on regarding the generality of ATls. Cronbach
(1975) has suggested that. they may be specific to time and place. Third,
an ATI ctudy requires a tremendous amount of statistical power (i.e., ability
to reject the 'null h:spothesis if it is false), and ‘few of the studies that
have beenr done have had the statist%ca1 power they ideally should have had.
"Foﬁfth:hthere {s76?téhfafbdpiﬁétﬁééﬁ“the'theory«éénepating the sjydy,(whgigﬁ; o
there is any thecry at all!) andﬂthe experimental operations used to test the
théoryl As a result, the studies are often only minimal tests of the hypothe-
ses they :set out to investigate. |
Dissatisfaction with the results of ATI studies has led to at least two
relatively recenf developments: (a) an ingreased interest in Jearner control
of instruction, and (b) attempts to identify the underlying {nformatior pro-
cesses common to performance on apt{tude tests and instructional settings.
These two developments may well result in a set of more positive and more
replicabl= resultc But we believe that et present, the gap‘between what
is tested in IQ tests and what is taught in sthools--both in terms of knowledge

and skills--is sufficiently large that it will be difficult indeed to bring

the two tog=ther.
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Summary. To summarize, the psychometric approach to intelligence has
been closely linked to the schooling process ever sigce Binet's porigina}
development of his test for identifying retarded individuals who would not
profit from normal instruction. The 1inks between the p§¥chometnic app«-oach
and schooling have taken a’ number of forms, manylo} which we have considered
in this chapter.' To: the extent that the linkage has not a1wa;s succeeded, -
we believe that seQeral problems can}ge identified as hinderin§ the fiow
of information from tests to schbols and back again. First,~the tests do
not provide the kinds of information ab;ut process that seem to be nergssary
for an effective trainipg program that §éeks, in fact, to train snudenté in
the proc;sses (or products) of learning. Second, a 1$rge gap exis.s betiween
the‘kiqu of microprocesses required on IQ tests and the macropr 5. >sses re-
quired for school'1earning. A1£hough the tests may well. be prediﬁtive of
such learning, it would be difficult to argue that IG tests tap dircctiy
the skills involved,'sﬁy. in writing a paper. Third, motivational end situa-.

tional limitations intervene between test and school periormance to further

reduce the relationship Befwéén the two---Unt4l a theory and measur:pant of

e

moti? .ion can_be bfought into the assessment process, tests of purely cog-
nitive functioning J111 only be highly limited predictors of school aceomplish-
ment. Fourth, thére has been a notable gap between theory and pracnfce. The .
1inksbetween psychometric theories of intelligence, on tha one hand, and both
tests and training programs based on theses theories, have.beén tenuous at best,

‘ obscuring whatever relationships the theories may have to existing fechrology.

Fifth and finally, mugh of the research thaf‘has been done that has sought to
1ink theory co practice has been serjously flawed (see, e.g., the revieuv in

: » Cronbach & Snow, 1977). Even if strong 1ink§fexist§d, it is not clear that
they would regularly be found,. if only because of inadeguacies in the designs

of existing studies. As a result, the fruitfulness of li~iing psvihemetric
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theory to educational practice is still in need of stronger demonstration.

Educational Implicaticns of the Piagettan Approach to Inte11igence

>

Piaget and his Genevan co11aboraeors have not been primrily 1nteres£

. in the implications of Piaget s theory fcr educ«t1ona1 practice (Duckworth

1979a, 1979b; Elkind, 1974; McNa]]y, 1974). Rathers, their interest has been

t/"

primarily in epistem61ogy,’the area of pn1|osophy concernedfwith the .nature
and erigin of knowledge. AMerican educators and psycho]ogists have been
largely responsible for bringing Piagetiin theory into/ the educational arera,
and the} have done so in a pggner that has resulted in a considerable amount
of tension between what can be regarded as Genevan and American views.

American educators and psycho10g‘ets were iéterested-primarily in how
to speed up the development of Piazatian "intellectual sfructgres.“ which typi-
cally develop s1ow1y.' The Genevanposition was that this acceleration was rot
possible, a position that was later riscified slightiy to the position that /7
some, but very limited, learning 'of inteilectual structures could take place.
The issue of whetﬁer Piagetian structuras can be trained has stimulated a
considerable body of vesearch (see Beilin, 1971, 1977, for reviews of this

1iterature), but—%the issue remalns unre.o]ved av the present tine.

One of the reasons the issue may have remained unreso]ved is that it
has been difficult not only to derive prescriptions for educational practice
from the theory, but difficult also to derive proscriptions (Klausmeier, 1979).

The first large-scale attempt to apply Piagetian theory to educat1on ¢in prob-

.ably be traced to the Woods Hole Confe-ence of 1959 (see Brurer, 1961;, which

was seminal for a number of the sweeping educatior3l reforms of the 1960s. Ex-
amples of curricula based at least in p&it on Fiagetian ideas of intellucti2l

development have included the New Math, !inim?th, Science Curriculum Improvgmsnt

Study Gu1de. Proaect Phys1cs and Man: A Course of Study (see K1ausme1°t, 167¢8).
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Derivigg.educationa1kobjec;1Ves: Intellectual skills. Piagetian theory

has often bcen {nterpreted as implying that a goal of education should be to

propel chitdren in;o stnsequent developmental staées of 1nte11eétuq1 growth
| ear11er thin they would enter these stages on their own. Piagetian theo:y can

thus be seen as providing a sense of what kinds of skills shou1d be taught to

a child at each leve) of deve1opment. Efforts to 1mprove 1nte11ectua1 skills

have generally focused upon either the concrete-operational period or the

fo;mal-opcratiqpa1.eeriod.'and have been "American" in their emplrasis cn acceleratic

In <he eonerete-operationa1 period, menta1;operations are designated as )

concrote because they are tjed to concrete objects. The capaeity for abstract
thoughf 1s not yet fully developed, a1though the abi]ity to reason inductively

is 13%.)y well established. Children during this period have acquired both
‘!revers!:ility“ end fseriation." Reyersibi11ty is shown by the children's
abilities to add and subtract](wﬁich are "reve;ses" of each‘other), their abili-

ties to ma1t1p1y and d1v1de (again reverses), and their abilities to conserve.
Conservaiion of quant1*y (or volume) is demonstrated by a child's ab111ty to i
recognize that a fat, short glass holds the same amount of water as 2 tall, thin

g1ass from which the water was‘pOUred. Simiiar1y, children will realiie that

( regardless of the shape into which a ball_of clay is twisted, the arount of c1ay

remains invariant over the various shapes. Children dur1n? this period of 1"T‘
tellectual deve]opﬁent a{so acquire the abilities to seriate and to make transi-
tive inferences. The ability to seriat: allows children to order objzcts along
various -dimensions--from short to tall, from light to dark, from fat to thin, etc.
The ability to make transitive inferences enables a éhi]d to infer, fof example,
that if J;hn fs tu'ler than Pete, and Pete is taller than Bill, then John is

K ) i

taller than 8111 ' \

-4

A number of programs have sought to have children reach the period of

-
<
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- * K concrete operations in the preschool, and thus before the usual age of & or so
when concrete operations typically begin (Bingham-Newman, Saunders, & Hooper,
197@; Kamii & DeVrieg, 1974; Lavatelli, 1970a, 1970b; Si]vermaq & Weikart, 1973),
Evaluation of these approaches indicate that children in the programs do indee
reach the period of concrete operations, but it fs not clear they actudily do
’ so earlier than-do children who are not in the programs (Kﬁhn. 1979a;. More- .
over,‘thére is no evidence at all that earlier attainment of.the concrets- |
operational period results in earlier attainment of the subsequeni peicd of
formal op;rations, which we consider next.
In the formal-operational period, usually beginning at the age of 1}‘0f 12,
children acquire the ability te reason abstractly, without reference to coacrete
* objects or events. Children become able to reason from the genera! to the sji-
cific (deductively), and tﬁus to use the pe;u1iar'b1ena of inductive and deduc-
tive reasonfng that characterizes scientific inquiry. During thi: ~eriod,
children acquire the ability to comprehend second-order relations «7 the kind
used in reasoning by analogy (i.e., relations between re1ation§). This periocd

is often characterized as the firct one to enable children to conte-nlate nct

N
' only what is, but what might be (Kuhn, 1979b). Examples of formal-operation2’
) reasoning include construcfing an argument for a position you may not support,
,' ' using propertional relationships to determine.whether the economy sire box of

cereal is really more economical than the reguiar size, and determining what
time you ari likely to reach your destinat on on an automobile trip by taking
into account your prescnt rate of travel,

Formal-operational thinking is of particular interest to, educators for twe

}
reasons. Firct, formal-operational thinking is required for a full unierst=ndiry

of academic disciplines such as physics, mathematics, and literaturs (fhiapetis.

19765 Collis, 1971; Griffiths, 1976; Peel, 1976), as well as for many es2mples
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of ;veryday reason{ng (Capon & Kuhn, 1979; Kuhn & Brannock, 1977). Second, .
there are data to suggest that less than half of all hign-school students, college
students, and adults are fully capablf of formal-operational reasoning (Chia-
petta, 1976), although this percentage may vary somewhat as a function of an
individual's familiarity with the particular ta:k (Dasen, 19i?; Sinnott, 1975).
It is also interestiné‘that dhéreas thore is a cd}re1ation between formal-

operationa1 reasoning ability and trqgifiora1 measures of 1nte11igence (Kuhn,

O

‘1976), a substant1a1 number of individuils who do we1l on standard'zed'tes

may not yet be fully capable of formal-operationa1 reasoning (Nucci & Gordon,
1979). \hat makeg‘the attainment of fOrma!-n:eratfona1 reasoning a Sseemingly
inherently mone worthwhile educationz| goal than the early attainment of
concrete operations is that whereas a'l normal “ndividuals eventua]iy attain

full concrete-operational ‘reasoning, tha same dces not appear to be true for

* formal-operational reasoning. Unfortu=ately, efforts to train formai-opera-

tional thinking are not far enough alcng yet to permit an evaluation of their

effactiveness. . ¢

Deriving educational objecticéki Knowledge and knowledce-based skills,

As difficult as it was to use Piagetian theory to derive educational obgectives
for the purpose. of developing inte11ectua}\§k111s, jt is even more di1f1cu1t ‘to
use the theory when one's purpose is to deve]og know1edge and knovledge-based '
skills. Piagetian theory 1s fundamenta11y Q devenopmental theory of inte111-
gence. The thecry views learning in the educatmana1\§ense ‘as being 1irited to
specific tasks and of only secondary .mportancg to thé\lsarning of generalz--
skills (Lawton & Hooper, 1978). AN »

Piagetian theory as manifested‘in édu:ati:nal setting‘nég\typica11y jnvolvad
a program of thinking activities included in';ddition to the usu ] reading,
writing, and arithmetic_(FurEh & Wachs, 1§74} Kuhn, 1979a). As yéf\\there is

. R 36 N\
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little integration of Piagetian thinking activities with traditional academic
discip]ings,~with the possible exceptjon of several science-oriented programs
(e.g., Karplus, 1974; Lawson,_19]5). Even in these programs,'the 1inks be-

tween the theory and progrim.are often somewhat tenuous. S
X’ ‘

Reaching educational objectives: Inte11eciqu sif1ls. ﬁith what has been
described as the Genevip bosjtion on the futility of developing inte1Tigence'as
;n educational objective, it should come as no surprise that implications f&r
reaching educational objectives are not>easiiy found. 4 -

Qne }pproach wou]d-be to attempt to diagnose intellectual level with tasks‘
that measure a variety of Piagetian concepts, a;d then to tailor remedial
instruction accordingly. Tuddenham (1970), for examgle;fgas constructed a bat-
tery of Piagetian tasks to measure in:elIecéual 1¢v:1. This approach has been
largely rejected by adherents of Piaget‘s theory as}béiné (a) impractical, es;
pecially if the‘preferred practice of ‘udividualized clinical assessment is'
used; (b) unwise, because it is doubtful that ;raininézsf inte]]eczuél struc-
tures is possible; and (c) against good educational practice, because learning
is inhibited when externally imposed tisks are used, as would be the ccse “n ;
most training programs (Duckworth, 1979a; Furth, 1970; McNally, 1974; Piaget, 1970).
Moreover, it is p?obab]y a mistake to infuse Piagetian tasks into the school
curricuTum‘because such tasks are simply indicators of level of cognitive func-
tioning. Klausmeier (1979f haé proposea the analogy that teaching Piagetian

tasks is 1ikr teaching specific items on an inteiligence test for the purpcse

of developing intei]igence;

Reaching educational objectives: Knowledge #iid knowledqe-based skills. The
theory does serve as a useful source of nduca*ional implications for reacning ot-

jectives in the development of knowledge and know1edge-based skills. Consider

-four general implications of the theory. / .

/
/
-
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1. Active discovery ig‘preferab1e‘§g_passive, receptive learning. Piaget
(1970) has made a distinction between two types of séhoo{s. Traditional schop]s
are characterized by work ‘being imposed on stqunts from external sources, usually
the teacher. For both Piaget and Dewey, work imposed by others .is the anti-
thesis of intrinsic 1nteFest and therefore of learning (McNa11y, 1974). Scme
have charged Aner1can educators and psychologists- with being preoccupied with
the study of the effects.of the environrent on an 1nd1v1dua1 who is conceived

of as being nothing more than a passive recipient of information (e.g., Reic,

1979). “Activity schools," on the othe: hand, are characterized by‘active

discovery learning. Students ]earn %n situations by actively werking on some-
thingt-by attempting to obtain a praccical result that they tan then understand

Overall, Picget's view of education is quite similar to ‘the exp°r1menta11su
pos1tion of John Dewey (3968). This pnsition holds that know]edge develops
from activity, and more speci®ically, €rom-applying the scientific method to
whatever problems the environment has to offer. The steps of 1é}rning invo1§e
(a) becoming aware of the problem; (b} clarifying the problem; (c) pronosing
hypotheses for solvingthe prob1en; (d5 raasoning out the 1mp11cat}ohs of each
hypothesis; and (e) testing each hypothesis (McMally, 1974).

The sharp distinction made betwezn traditional schools and activity schools
is perhaps overly simplistic, bu? the point,be1ng made s’ an important one.

The Piagetian view seems clearly to lead to a preference for the kinds of pro-

1¢7

(¢

grams today found in open, rather than in traditional schools (Lawtor & Hcoper,

2. Motivation is fundamentally imporzant. 7i%js implication foliows fron’

the view that in any learning situation, it iz the learner who is doing m>st o
the work, not the teacher. What is of pert1cu1ar 1rterest is that the con:er:

of motivation is deeply embadded in the functioning of the cognitive structures.
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Motivation derives "directly from the.operations of the intellectual structures

(Fu:th, 1970). According to Piaget, those things are most interesting that

pose‘hoderate rovelty go.fpe_ingividua1, and thug to which the individual's

cognitive structures can be accommodated: Too little novelty is.a bor:; too

much novelty passes the individual by.

This view suggest the ?Feat 1ﬁportance of matching the t;sk fo éne child's

| cognitive st?&ctures; but the question }emains és to how best to go a“out duing
this. Because one cannot knoy precisely the cognitive structures tnat an indi- .
vidual b?ings to a situation, it is ﬁsqa]\y recommended that a wide uariéty ‘ .
of tasks be made ava{]ab]e, and that the chj]drep given the tasks then be vatched -
in arder to determine what grabs théir interest. Those tasks that interest .
particular children are those most 1ikely to be we11‘ﬁaféhed to ik2ir existing
“ﬁogn{tivé\structures (Farnham-Diggory, 1972; McNally, 1974).

3. Learning situations must be practical. Practical situations are pre-

cisely those that correspond to an individual's natural activity (Duckaorth,
1979a). Learning in schools should nct be differént from an ing%vidua1's natural
form of learning about the world. The mosé(that schools can do is tg'encourage
students to think about things they might not have thought about thiaking about
on their own. A closely reiafe& pbint‘ig that what 1s‘pract1cdl is c];o that
which is eoncrete. at least until the stage of formal operations. nanipg1at1ve
activities with concrete materials Are therefore to be recommended, at least

until the ttage of formal operations (Ginsburg & Opﬁer, 1969).

4, F1exiﬁility is essential. The best learning situations arz those that
permit the learner to establish plans for reéching a distant goal,: wnere wide.
latitude is jiven as td permissible approécheg or paths to reac; the gozl
(Athey & RubAQeau, 1970; Duckworth, 1979a). -* - ;

Summary. * The educational implications of.Piagetiad theory have Leen dif-




Intelligence

Q _ B
ficult to come by, Because_ﬁiabet{s theory is a theory of intellectual deye1ob-
ment rather than of learning in the educationa]_sense of thevword. Thus: {f the
theory doEs not have clear implications for education,'neither was it neant to._
We will conclude with a discussion of four reasoiis why we be]ieue the tneory :
s probably not optima11y suited to widespreao use in education We do so
at the same time we express our sympathj with the tour, 1mp11cations discussad .
1mmed1ate1y above. '

1. The heorz is of competence rather than of performance Competerce

refers to all that a person is capab1e of, regardless of 1nterna1 or externa1

Timitations that interfere with the app11catqon of this full competence.

\Perfornence refers to demonstrated competence. Any number~of factors ;ct to
"11m1t competence--motivation, xterE1 resources, attention' and the 11ke.

" Educators must deal with manifest perfurmance-as well as underlying competvnce. | .
Otherwise, they will create unrea1is‘1' expectations for students. And 1n:eed
Piagetian~based programs seem, if anyth1ng, to’ involve setting expectations that
are simply too high for students to' reazh. The same result could' be expected
from any educational -program based on # theory of competence rather than‘of
performance (Sternberg & Davidson, 1n Press) Duckworth (1979b) has suggest ed’
that educators stof trying to de§e10pi;nte11ectua1 structures, and instead B
be concerned with deve1op1ng 1nd1v1dua‘s use of thefr structures to learn new
things about the world. Stated ofherhise, Duckworth isarguingthat ecucatcrs
pay attention to performance rather than to competerce.

1

' 2. The long length of time coverzd by each stage limitc the usefulness of .. --—

et ¥

the stages for seguenci;g 1nstruction - The-stages mai'provide genera1 guidelines

for, but certain]y do ‘not provide specific seqcch1ng for educat1ona1 objec t1»=s

o
TTaLls

The time ranges covered by the stages are- simply too great Althoufh the =

can be subdivided on the bases of identivied lags in de»e]opment (so-calizd
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therefore are of little use in sequencing 1nstruction (K]ausme1er, 1979)

©

3. The theory.emphasizes maturation rather than learning. The’empha-

~

sis in Piaget's theory is clearly upon the dnfo1ding of a preprogrammed set

L] ! . ,
- horizontal décalages), these lags are treated by the theory as anona11es and
of skills cver tﬁrc Short shrift is given to learning and environmental

-

1rf1uencq¢ on 1earn1ng Piaget does not ignore the envirohnment: To the

-

contrary, he emphasizes the interaction of the individual with the environ-
ment. But the development of cognitive struct turesiis believed to be maiura-
tional, and as noted earlier, Piagetians have, if anything, scdffed'at at-
tempts to teach these structures.

4, The theory lacks sufficient Empirical support to serve, at the present v

4

time, a: a basis for educacional interventions. .As noted earlier, the empirical

support for Piaget‘s tfieory is mixed, at best. As time goes on, successively
larger chunks of the theory are being undeﬁnined by new data. One therefore
must be reluctant to apply the theory to education, lest the interventions faii

in part because the theory upon wh1ch they are based is incorrect.

-

-

In sum, then, educators seeking to apply P1age*'s theory to edufaticne’
1ntervent1ons would do well to pause before Jumping 1n At the same time,
some of the 1mp11cations that follow from the theory, part1cu1ar1y those ap-
p]ying to active learning, motivation,practica11ty, and flexibility, would seem
to be wel: worth ‘heeding. Perhaps the Tesson to be 1earned is that if one is
selective 1n the aspects of the theory used, rather than trying to app.y it
wholesale, one is much more likely to design a successful, practica11y feasibie

- . 1

educational program. e .
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. Educational Implications of the Information-processing Approach

Compared to our attempt to derive educational objectives from the Pia-
~

getian perspuctive, an attempt to derive such objectives from an infarmation-

processing: perspective is eaéygoing. The attempt is nontrivié], howeve:, »
1 ’ ! - ' 3 y

especially because the gap between cognitive psychology and education has

¢
. [y

been -and continues to be quite substantial.

o Deriving educational objec¢tives: Intellectual skills. "Information-
processing theories of intelligence can be used for the purpose of der.ving
educational objectives by virtue of their provision of a means c¢f dzcompozing

task performarice into {ts un&ér]ying mental components. Educationil objectives

can then be developed for the purpose of improving the efficiency with whict

&

_ the identified information-processing components are executed.

An example of this approach.is provided by the work of Whitely znd Dawis
"(1974). Inner-city high school students were trained to solve verbe: analogies--
problems such as the DOCTOR : PATIENT :: LAWYER :—fJjudge, clientj problem given
earlier. Stud%nts were given training that consisted of various coriwinations
of (a) practiéé on verbal analogiés, (b) feedback as to the correct insiers,
(c) instruction on topiCs~s§§h as ‘types of analogy re]at{onships,(é.g.; oppc-

sites, functional relations, and the 1ike), and (d) instructions regarding

the formal structure of an analogy: Earlier information-processing =2nalyses

of analogy performance were used to prd&ide a theoretical basis fori;he training...

f A

Improvement was‘found on @ subSequent test of analogical reasoning for the
group that recéived instruction on relationships, feedback, and in:trugtidn

on structure. Other studies simiiar~to ?he Whitely and Dawis one have alse
reported success in improving children's performance on var{ous kinds si reasor -
ing problems (e.g.; Holzman, Glaser, & Pellegmino, 1276; Saloron & Achenbach,

1974; Sternberg & Weil, 1980).-

3 +
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L A simi]ér approach has been-applied to the task of improving memory per-

formance in mildly retarded individuals. For example, Engle and Nagle (1979)-

7 trained mildly retaraed‘%ifth‘and sixth- grade studen;s on three strategies

for remembering a series of pictures of comhoP'objects. A semantic encoding
‘strategy group w3s instructed to think of the meaning of each jtem, of a A .
persona] experiepce with it, of its function, and of other items in the .list

of objects that were in the same category. An acoustic encoding strategy

group was instructeﬁ to think of the sound of the word and to repeat the initial
sound. A repetitive rehearsal strategy group was instructed ;o repeat the ~
verbal Jabe] of the pictures. The choice of strategiesito be- trained followed ‘ -
from information-processing theories of mémony performance. Subsequent per-
formance was best %or the semantic encodiné strategy group up to séven days
afiér treining. A follow-up segzﬁ/;;nths later found no evidénqe for the reten-
tion of the strategies, although when the strategies were prompted; pe}formance
again was superior for the semantic encgding strategy group.

Similar results have Eeen reported by others (e.g.; Brown & Barclay, 1976; ,‘
Butterfie?d,~wam601d, & Belmont, 1973), but demonstrations of dur;bi1ity and
transfer of training remain skimpy. When transfer has been testzd ‘ in re-
tarded inaividuals, almost none has been found, even for highly similar items
and tasks (Resnick, 1981). Whether individuals of normal intelligence would ;haw
significantly more trgésfer than is shoyn by the retarded remains an unanswered
question. Concern over the problem of iransfer has prompted a shift in empha-
sis to the metacognitive level, that is, the level of executive planning and
dec}sion nrocesses rather than of lower-ordér task performance components.

Evidence is becoming available that emphasis on metacognitive training does

result in ~ome degr2e of durability and transfer.

Kendal1, Borkowski, and Cavanaugh (1980), for example, studied the
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maintenance and genera1ization/of an 1nterrggati§e squfegy for. repembering
pairs of pictures of common objects. The strategy consisted of having the
chi]d covertiy perform tour steps foﬂ'liip pair of to-be-remembered items:
{a) state a relationship between:the items of the pair; (b) ask a "why" ques-
tion about .the velaiizsnship; (c) analyze the items semantically (i.e., think

Y

about their meaning); and (d)-apply the semantic ana1ysiseto'anSWe( the‘"why“
question. To enhance strategy maintenance and trans;:r, the training was
characterized by (a) active'studé;t participation, (b) extended strategy
trainiﬁg, (¢) semantic processing of item pairs, (d) provision of feedback
about the value of using the strategy, (efjus; éf a large number of examples
provides by the experimenter as a means of explaining yhe parts of the strategy,
(f) cy.tematic introduction of the parts of the strateg;; and (93 fading
of experinenter invclvement over the course of the trainingC The outcome of

“ ~—the -study was that sirategy maintenance was obtained (at least for a period
of a week or so) and that génera1ization was obtained to a new task in which

~the student was requiréd-to remember sets of three pictureg.. Although it
-would ha/e been cesirable to use a transfer task less similar to the original
task than was this one, given past results, a f1nd1ng of any transfer at all
was impressive. Success with similar approaches to tra1p1ng intellectual skills
has bee# reported by other§ as well (see, e.g., Belmont, Butterfield, & Bor-
kowski, 1978; Borkowski & Cavanaugh, 1979; Brown & 6ampione, 1977, 1980; Ross
& Ross, 1978) ) {
By far the lergest training program based upon information- proces ing analy-

sis is Feuerstein's (1980) Instrumental Enrichment (Ig) program. This extensive
progfam fsr retardsd learners has been employed in a large number of countries,

with at lesst tentative indications of considerable success. Although the

program coacentrates upon training of performance on 1Q-like tasks, it also

~
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involves motivational components that encourage retarded performers to work
up to their full capacity. Because of the range of the program, a full dis-
cusaioq of ‘t wculd be beyond the scope of this paper (see, however, Sternberg, in
press-a , for a lengthy discussion and evaluation). '

In sum, 1nformae1on orocessing theories of intelligence permit thn de-

composition of 1nte111gent behAV1or into component elements, each of which can
serve as a locus for a training intervention. Transfer of training seems to
depend at least in part upon(;raining at the metacognit@*e as well as the
cognitive level. "

Deriving educational objectives: Knowledge and knowledge-bas ed skills.

—-._— emrrm— v

Just-as it is possible to decompose tasks that are believéd to measure incellec-
tualvski11s, so is it possible to use information-processing teciniques to

decompose tasks that are 1nvolved in the acquisition of academic kn:zvledge

and sk1lls. The trend toward focusing on metacognitive precesseSo.h-e vie ob- '

served for intellectual tasks is also evident in the literature on arademic tzsks.
v Rigney (1980) has proposed.thaf the learner is continually seeking answers

to six questions: (a) What is %t? (b) What should I do about it? {c) How

can Ido it? (¢) Can I do 1t? (e) How am T doing it? (f) Am I tirsugh?

For routine events, these questions are asked and answered automatically

without the conscious attention of the learner. For other than roucine events;

answers may not be apparent, which‘hj11 necessitate applying consciois gognitive

resources. Self-monitoring skills identified by Rigney as being ﬁecessany for

successful parformance on academic tasks include keeping one's place in a ‘long

eequence of operations, knowing that a subgoal has been obtained, detacting )

errors, and recovering from errors either by making a quick fix or by retreating

to the last known correct operation. Such mofritoring irvolves both "lookirig

ahead" and "looking back.” Looking ahead includes learning the structurs of a
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sequence of operations, identifying areas where errors are 1ikely, chooéing
a strateg} that will reduce the possibility of error and that will provide
easy recove) y, identifying the kinds of feedback that will be available at
various points, and evaluating the usefulness of these va;ious kirds or fead-
back. ’Looking back includes detecting errors previously made,”keéping a his-
tory of what has‘been done to the presént gnd therebyAwhat sﬁou]d cote next,
and assessing the reasonableness of the present immediate outcome of :ask
performance, .
s Greeno (1980) has forma]i;ed an informatibn-processing analysis of tgsk
performance b; developing a computer simulation model called Perdix that
represents the knowledge requi~ed to solve problems in geometry. Tie pro-
gram was largely developed by observing ninth-grade students soiviig geometry
problems and~thinking aloud as they solved the problems. Greeno idertifieﬁ

" three domains of know]edﬁe that he‘bélieved are required for'so1ving georetry
probiems: propositions used ip making fnferences, perceptual concepts used

in recognizing patterns, and strategic principles used in setting goals and

planning. It is this third domain of strategic principles that is cf particu-

lar interest to us here. Included in this domain 1is knocwledge of general

plans that can lead to a desired outcome. For example, the knowledge that
there are three alternative approaches available for demonstrafing tint two
‘angles are congruent would be an instance of know]eage that can be uted f;r
deciding upon a probiem—so]ving strategy

The views of Rigney and Greeno are representative of a grow1ng nuﬁber .

of views that emphas1ze metacognitive skills 1n academic performance (see,

e.g., Brown, 1978, 1980; Carroll, 1980; Flavell, 1976; Snow, 198C:. ‘“ieta-

cognitive theorists have in common their belief that teaching specific strats-

gies just won't work, in the long run: One must teach gtreral principles

and how to apply them over a variety of task domains.

-
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Reaching educational objectives: Intellectual skills. An implication

of recent information-processing work for reaEhing educational objectives
is that metacognitive skills should be trained as well as cognitive ones.
An example of a program that follows this imﬁ1ication is one designed to
develop general learning abf]ity in university urdergraduates, (Dansereau,
Collins, McDonald, Holley, Garland, Diexoff, & Evans, 1979)3 The program
stresses six executive-level steps to leirring that have the interesting,
if macabre, acronym of MURDER. Thé “M" corresponds to setting the mocd to
study; the "U" to reéding for understanaing; the "R" to recalling material
without referring back to the text; the "D" to digasting the material by
amplifying it; and "E" to expénding-know1edge by self-inquiry; .and the "R"
to reviewing mistakes madé on tests and pracéice exercises. Each executive
step is associated with a family of substrategies. Students who completed
the program performed significantly batler on comprehension tests over text-
book passages than did students who di¢ not complete the program. This

testing took place one week after training, indicating at least short-term

durability. S€dents in the program 2’so repo-ted significant chznges in

——self-report-measures—of study practices.

’

" Although almost 531 of the studies that have been done have been done
in the school, recent interest has Eentered on the role of the parents as
well as of the scihool in the development of intellectual skills. In particular,
it has Sgen prono;;d that the, parent serves a key role }n a child's intlellectual
development by modeling self-control strategies that are graduaily Tearned by
the child over the course of the years of parent-crild 1Fteraction (Brown &

©

Campione, 1980; Feuerstein, 1980; Wertscr, 197¢;. Feuerstein has suggested
i .

that mediation of learning experiences by the.parent is perhaps the critical

way in which young children learn. .
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Reaching educational objectives: Knowledge and knowledge-based skills.
The fﬁportance df considering metacognitive performance when one's purpose

{s to develop knowledge and‘know1edge-based skills is highlighted by the -
accumulating evidence that students, especially ybung ones, are 710t very
adept at monitoring what thgy do when learning. Generally spgaking, students
B]indly follow instructions and do not question themselves in a manner that
would lead to efficient task performance (Brown, 1980). Mention Qi11 be

made of four areas of hetgcoqnitive performance that have been found to be
problematic for students. (See B}own, 1978, 1580, for comprehensive reviews.)

1. Task difficulty. Students have been shown to be relatively unskilled,

both in predicting the difficulty of a task and in recognizirng when task dif-
ficulty changes markedly. For exampie, Moynahar (1973) found that young children
would predict that a noncategorized set of ftems vould be as easy to remembar as

& categorized set, even though the cat~jory structure actually improved their
recall performance markedly. Similarly, Tenny (197@) asked kindergarten,

third, and sixth grade students to compose lists of words that would be easy to
recall. Developmental differences wer2 fourd whercby the older students were :ore
likely to demonstrate their insight that organization by taxonomic category made
1ists easier to remember (see aiso Brown, 1975, 1978; Brown, Campione, & Murﬁhy,
1977; Flavell, Friedrichs, & Hoyt, 197vu; Salatas & Flavell, 1976; Smirnov, 1973).

2. Comprehension monitoring. Students have been shown to be insansitive to

incomprehensibility and incompleteness of task direcfions, textual information,
and verbal communications. For exampla, Markman (1977) asked first through

third grade students to help in finding‘a way to irach children a magical trick.
The directions for the trick as presentud to the students were 1ncom;nr-eho~e tl=.
After the directions were presented, the s~udents were asked 10 probing questic::

that determined the extent to which the students were aware of the incomprzhanrsia
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bility of the directions. The older students demonstrated their awareness of‘
the incomprehensibjlity of the directions with only minimal probing. The
youager students often did not realize that they did .ot comprehend uncil
they attempted to use the directions for actually performiﬁg the magic triﬁk.
In a different paradigm, Ironsmith and Whitehuru% {1978) had kindergarten,
second, fourth, and sixth grade students listen Lo a speaker %nd then se1ect'
cne of four sets of pictures on the basis of the spéaker's message. The stu- ~
dents were told to ask questions if they needed more 1nformati§n. The
speaker's messaées were either informative as to the set of pictures to chodse
or were ambiguous in that two of the four sets of pictures satisfied the
speaker's directi&es. Kindergarten students responded identically ;o the informa-
tive aﬁd ambiguous messages. Second gra&e students sometimes made general
requesis far more information, and fou~th and sixtt grade students often asked

specifically for the relevant missing (nformation. Similar results have bzen

obtained in a variety of paradigms (e.g., Asher, 1978; Cosgrove & Patterso:,

> 1977; Karabenick & Miller, 1977; Patterson, Massad, a Cosgrove, 197§; Shatz, 1977).

3. Study-time apportionment. ' Stiderits have been shown to have difficu}ty

in p1annihg ahead, especialiy 16 terms of study-time apportionment. Stucy-tire
apportionment refers to how one studies in anticipating a future test, including
such things as determining what is important to remember and- what is not, choosing
a strategy or-tactic to improve learning, determining how successful ihe chosen
strategy appears to be, and determiningwhether or not another strate¢y shouid

be employed (Brown, 1980). An experirental analogue has been developed to

study a simple case of study-time utilization in young children (seé, e.g.,

Browh & Campione, 1977; Masur, McIntyre. & Flavell, 1973), Children ar: pre-
sented the task df remembering.a series of pictures over several study triq!s.

After each succeeding trial, the children are allowed tc pick only half of the

-
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items for further study. Young children and slow learners were found: to pick
4tems for further study at random. Ch{1dren'above fhird grade were found

to select those items that they had missed previously as the target ones for

further study. Clearly, their strategy is the wiser one.

-

4. Predictirg one's g!g performance. Students have been shown to have

diffichlty in monitoring the success of their performance and in determining
when theyhavesfuﬁied enough to have mastered the material confronting then.
For example,.Brown and Barclay (1976; see also Brown, Campione, & R%arclzy,
1978) investigated the accuracy chi]dreﬁ exhibit when predicting at what point
they could recall without error a series of pictures of common objects. gub-
Jects in their study consisted of educable mentally retarded childrer with
menta! ¢ges of € and 8. Tiie students were trained in mnemonic memory Strategies
and were 'nstructed to continue with such strategies until they had mastered
the entirc set of pictures. Few of the subjects were able to estimate accurately
when they had learned the. jtems. |

The picture that emerges from these and other lines of research is. that
young children and retarded children show very little metqc0gn§tive awarznass,
There is scme evidence t6 suggest that older students may also be deficient
in at least some metacognitive skills. In a survey study, Anderson (1930)
found university students to be more 1ikely to use the study strategy of read%ng
and rereading with some underlining and note-taking than to engage in questioning
and surveying activities prior to readin:, and to engage in recitation, reffecticn
and review afterwards. Yet, the latter study strategy has been found to b; the
superior one (Pauk, 1962; Robinson, 1970; Thomas & Robinson, 1972). Students did
not report frequert use of 65mmon1y recommended strategies such as skimming,
summarizing, working practice problems, and sé;f-testing. In a related vein,

Greeno (1980) reported that high school students are typically unable ta eirigin

their stratejies in solving geometry problems.

a0
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Summary. Everythinb,considered,;the main implication of recent information-

processing research would seem to be the advisability of teaching metacognitive

wa

as well as cognitive skills in a skills-instructional cﬁrricu1um. The argu-

ment in favor of explicit teaching of metacognitivé skilis is an easy one to -

make: (a) metacognitive'ski11s are important in cognitivé performance; (b)

students have what seem to be inadequately developed metacognitive s¥i11s; and

(c) ﬁgfécoéﬁktive skills are not now being taught in mostfcurricu]a. But
here are reasons for being wary of drastic revisions of @urrent educational

pr ctices. It is not clear that massive doses of instruction in metacognitive

is truly what is called for. Consider some reason§ why.

Large-scale-metacognitive training may be imgraciiéél. For one

thing, wé\qre on]y.beqinning to get a' glimpse of what meﬁacognitive skills

go hand-in-;hqd with the development of intelligence. For anothgr, ihOS; who
demonstrate thé\greatest aeficiencies in metacognitivp’ski11s (youn, children

an& novices of a;y\age at various tasks) seem to ﬁsyekvirtua11y no “dea of what

they are doing when\perfprming a task. Even when appropriate metacocnitive

\,
\,

strategies are known,‘gherefore, students may not have the necessar/ interasl

\
referents for the tasks t@ey are working on optimally to take advantage of

‘the metacognitive instructign they receive. Teaching a student to plan is of -

no help if the student does th know what kinds of strategies can be used in a tas\.
[ \\ . !
"2, Effects of metacognitive activities may .be reduced when thev are exterszlly

- . \\ .
imposed rather than being spontaneously geierated by students. There is at
- * , N

least some suggestion that the perfbxmance of students using a spontzriecusly . 4§£

N
adopted strategy is superior to that of students using a strategy impcsed by

<

27y

a teacher or experimenter (Brown, CampiGQe, & Barclay, 1978; Brown & Spiler, 1372},
N 3 .

<
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3. Being aware of the fact that a certain strategy is beneficial is not

enough to result in students actually using the strategy. It is one thing

to ;each students‘ﬁenera]ized strategies for dealing with problems; it is
another to get them to use the strategies. Often, students seem not to use
what they ;re taught (F1aveﬁ1. 1976; Kreutzer, Leonard, & Flavell, 1?75;
Moynahan, 1973; Salatas & F1ave11 1976)

4. To be effective, strateg1es must be so well learned and perforzed

that they do not interfere with actuzl learning. Rigney (1980) has pointed cut

that new Etratggies can actua11y interfere with performance. by taking up resources
that otherwise would go to other aspects of problem solving. One characte:istic
that is commonly attributed to the superior performance of experts over ncvices
is the gxperts' agtomatization of control of proéessing (de Groot, 1956;
Rumelhart & Norman, 1976; Simon, 1976). By automatization is peant i.he transter
of information-processing operations from a 1imited capacity workin, memory to
a victually unlimited capacity system that operates without the nes¢ for ;onsc1ous
attention. If a new strategy is not automatized, it may take up morz mental
resources tﬁan a student can afford.to gxpend on the strategy.

I1f. metacognitive skills are not now being J{rectly taught, and if there
is at least some question as to whether they should be explicitly taﬁght, then
\6ne might wonder how t;e& ever could be learned. It is probable that induction
from examples plays an important role. Such inductions are simulated by a
computer prugram developed by Hi]iiams (1972), the Aptituce Test Taker. This
program decides how to solve different types bf probleris of the sort found‘on
aptitude tests, given only exampfes of solved problems as a basis for its de-
cisions. A major underlying principle of the program is that the ab1I1+y 1 f

solve a task is largely dependent upon one's ab111ty to induce a so]ub|on stretez:

from worked out examples (Simon, 1976). Similarly, induction of general preper-
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ties' from examples has been proposed as the means by which strategies. for
do{ng geometry problems are learred (Gréeno, 1930). An implication of the
importance of induction from examb1es in the development of metacognitive
skills is that one might expect an interaction tetween mental ability and
thé neéd.to be exb1ic1t1y taught metacognitive sk111s:. Less able students
‘miy‘notibg able toiinduce effg;tive strategies on their cwn (see, e.y.,
;Résnjck & Glaser, 1976). Others have, in fact, suggested that less able
%}udents do better in highfy;structured learning situations where diract
hé]p is givenxgﬂ;;/:o'm?re able students (CFonbach & Snow, 1977), %Sr whom
less structured situations seem preferable.

In’ccncfusiqn, the information-processing approach to instruction seers
to possess many fertile implications for the improvement cf inteliestual
and knowledge-ﬁased skills, as well as for improving:dﬁretf instruction of
currfcu1um content. But at present, there is a wide gap between theury and
practice, and this gap will not be able to be 1es;ened unil some of the
problematical issues discussed above.are dealt with. We are‘optimistic

3

N ORI . o .
that the information-processing approach will result in irgroved instructice,

4 ~

but the fruits of the approach will emefge, ve believe, gnly after extended

periods of time whose dura?ion is yet unknown. ) \
Comparison and Evaluation of Perspectives \),

The similarities and differences among the three approaches to training |
1nte11ectu;? and achievement-ré1ated skill as well as confent knowledgs can
perhaps best be pointed out by comparing how they would Pd§ ess the problen of
train%ng students on a single type of problem. F;r compana{11ity to our previ-
ous section on comparison and evaluatiop, the tyr2 of probdlem we shall consider

is the analogy of the form A : B :: C : (D], b2)°

ey
TN
o ;¥rst.seek to de-

An educator adhering to the psychometric approach-wSuld
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termine what factors of intellect enéér into analogy solution, and then devise

a training program around.exercises tha} m1ght raise the 1nd1vidua1 s standing

on these factors. The form the traininé would take would depend upon the theory.
Spearman's (1927) theory would account for the sulution . of analogies almost

entirely in terms of, the ﬂgﬁ (qenera1) fécgor, which in 1t4e1f is not partic-

ularly helpful in suggésting a.training program. Spearmanf(1923) also proposed” )

an information-processing theory, howevar, accord1ng to Q§ ich solution of anaﬂo-

gies was proboséd to require apprehensicn of experience (encoding the ana1ogy7
terms), eduction of-relations, (inferring the A to B relation), and*eduotionfo?’ X
correlates (applying the inferred relationship from C to -an ideal so]ution): '

. g Vo«

Thdrs%one's (1938) theory would probably account for verbal anzlogy solution in

terms of individual ‘differences-in the verbal Eomprehens1on and reasoning factors, -

A * o

but would not have clear process implicitions for what .should b%‘tﬁained. Guil- x\ )

o

ford's (1967) theory would ‘attempt to +:ain specific cubes of Guilford's model i
relevant to angIogy'solution,,such as cognition of somantic units, cognition of
semantic -relations, convergéot production of §emanti2 re1otions..and so on. ﬁote‘#
that Guilford's theory handles ohe prone§s: ;potent, and product ;?th considerztle
explicitness. ~ ' K ‘-

Several genoraJ points should be made about the psychomo\\ﬁc~approach to
tra1n1ng First, un1*s< the theory has a set of_process factors (for wh1ch '.
Gu11ford's theory is unique) or is accompanied by a separate information-processiny
theory.(for which Spearman's theory is un1que), it is not clear just wirat che is
Po train. éecond, the decision as to what to train is made on the bisis of footors
derived from individual-differences data. If ther: aré procésses iplitem solution
that are not sources of individual differences, tiev will not be identified as
involved in solution. Third, in most casas tﬁo lack of explicit prccess sczcifi-

cation in psychometric theories will resuit in a rather loose connection belwsen

theory and training. As a resulf, neither success nor failure will neggssariiy

54
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. be particular1y informative about the value of the theory, if there is an explicit

theory under1y1ng the tra1ning Finally, the choice of the ana1ogy in the first-
place as worthwh11e for training will be determ1ned by its centrality in the psy-'
chometr1c theory of inte111gence as a marker for one or more factors of 1nte%i1-

&

5 . gence. For examp‘e. the analogy would be a good cho1ce of prob]em to train in
Spearman's tbeory Pecause of its high loading (corre]ation w1th) the g factor.
An educatcr adhering to the Piagetian approach would probably first attempt
to determlne the ch11d s cognitive 1eve1, 2nd to determ1ne whether aﬂalogy
so1ut1qn i3 ready to be accommodated to the ch11d 3 cognit1ve structures. If
not, the attempt at »raining q1ght be aborted before it even starts. If the
child does appear ready, then ihe educator might work with the child individually,
guiding h1m or hLe: throurn the kinds of relations needed to solve the problém.
First, the educater wou]d.concentrate on pair relations, and once the child
seems t- understand these, theceducator might move on to relations between pairs
of pairs. As training proceeded, the educator might more and more play the critic's
‘role, ch;ﬂ1enging the child in h%s or her construction or solution of analogies. ’
The poi it of surh criticism would be to brinb the child to the point where L& or
she can sclve ths\item with assurance and lack of hesitat{on.
Again, several general points'should be made about this approach to trainipg.
First, the training would almost certainly be orecedéd by a diagnosis of the
.chi1d's cognitive state to see whether he or she is ready for trainfog; if not, -
c sraining would be aborted. In Piagetian theory, there is simply ne s2nse to
training a child in skills for which he or she is not yet ready. Second, enm-

phasis in training would be upon 1oglca1 relations of the kinds specified by

piagetian theo*y. The goal would not be to train particular proce:ses, bur
>

rather understandiwg of structural relations that const1tute an anglogy. Third,

the mode of training »ill very 11ke1y be’ 1ndiv1dua117ed with considerabie er-

phasis on chalienge and questioning. The educator wishes to assure that tre

5u
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child truly underétands what he or she.is doing, and is not just mimicking an

algorithm picked up from the irainerr Finally, choice of the analogy item 2s

worthwhiie for training will be determined by the centrality of the under-

lying relations in Piaget's theory. In this case, secghd-ordef relations

are often uséd 10 mar” %he transition from concrete to formal operations,

and thus are viewed as of considerable importance. ‘ .

? “An edicator adhering to the information-processing approach would first

attempt a ;ask analysis of the analogy problem, or use a previpué!y cerforred

fégi“iﬁiTysis; and only then attempt training on the basisv6¥ the, task analy-

sis. Dependirig upon the educator, t;aining might emphasize only the cognitive i

componer.ts inv?1ved in analogy solution (for example, encoding, inference,

‘ mappiug, application, justification, and response, accordirg to Sternberg's,
1977, .theory); only tie metacognitive components involved in analogy solution
(fof'eéample, selection of a set of cognitive components, selection of a
strategy into which to combine the components, deciding how to represent infor- -
mation about the analogy terms. mdéﬁtoring one's place in the solution strategy,
etc.); or’both thz cognitive and metacogniéive components involved. The
educator might atiempt to maximize the probability of generalization by concen-
trating dpén information-processing components rather than upon the particu?qr
task, and by giving the student préctice in solving other kinds of induction
problems hat in§P1ve the same metacognitive and/cr cognitive components.

Here as before, several general poiats should be made about this aeﬁroach

to training: First, the training is preceded by a task analysis, in tnis case,

- 7
of an dnaiogy. Note that there is probably a greater emphasis upon the task and

" LS,

a lesser enphasis :oon the subject than in the other two approaches. Second,
emphasis in the trainiiag is upon processing components, whet%er at the cocnidino ///

or metacognitive level,.or at both levels. Third, the mode ff training wil? ,

ERIC | s
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be to emphasize%how a set of processes can be combined to solve a problem, of
whigh an ana1og} is only one example. Good training programs would almust cer-
tainly try to show how the same componen;s can be applied to other, reiated
problems as well, so that the student learns to emphasize process gene}ality
rather than task specificity in problem solving. Finally, choice of the task
will be motivate& by the task's centrality in a process-tneor;tic acgouﬁt of

some domain of task performance, in this case, perhaps inductive reascning.

Because analogies are seen as p}otqupica1 of induction tasks, their cnoice

-
L

would be easily justified.

. Our review of the various abpfoaches to training, and.of particular studies
within eaéh approach,.has led us to formulate guidelines that we beiieve would |
serve as useful prerequisites for proérams of any scale that seer i1 train
intellectual or know}edge-based skills. These guidelines do not constitute
a program of training in themselves, but rather what we beiieve to te necessary
conditiens for such a program to succeed. The prerequisitss we propose, 3s

distilled from our review, are these:

1. The program should specify the informatign-processing coroients tn

be trained, and the components specified should have been experimentaiiy verifies * -

gf_tru1y involved in task performance. A1l of the successful training prograss

seem to have involved process training at some level, and process training can

° LY
? *

be as good ¢nly as the theory upon Which it is based.

2. Iﬁi_underlyiné theory.of intellectual perfurmance %¥hould te2 socio-cul-

turally relevant to the individuals who are exposed to the training :rogrem taced

-5

qﬂ_gﬁg theory. We noted in the‘precgding part 6? this review that wha* copstituris

environmental’y relevant and adaptive performance can differ from one socic-cu’-

%

tural oup to another, and even within socio-%i1tural groups. There is ro poi~:

to training individuals on tasks that have no relevance or“potentia] relavance to ,
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the indi"idualsl~1iyss.' For example, training with a bow-and-arrow might Le
extremely adaptive in some cultures, and a total waste of time in others.
Similarly, for whatever its relevance to various.theoqies of intelligence, anzl-
ogy training is a sheer luxury for children attempting.to survive in an urtan .
ghetto. For whatever good the analogy training may de, it seems almost certain
that there are survival skills much more important to these children than the

skills involved in solving testlike verbal analogies.

3. The program should provide explicit training in both executive (reta-

cognitivé) and nohexecutive (cognitive) information processing, as well as in

.

interaction$ between the two kinds of processing. If there is one message that

comes out clearly from the informatiou-processing 11teratuﬁe, it 1s that dura-

bility and transfer of training seem o depend upon a skiilful blend of cognitive

’

and metacognitive training. Cognitive training nn: components of particular
tasks is just tog specific to result ir generalization; but metacognitive training

by itself is too abstract and diffuse *o result in generalization. A combination

!

of both is reeded. 1 .
§ |

4. The program should be responsive'to mntivational gg'we11 2s-to intel-

lectual needs of the students it trains. It has become clear that it is not

- [

enough to train people what to do--one nas to get them to do it, and even rore,

to want to do it on ‘their o;; accord. (therwise, tne effects of train?ng can

be lost as soon as the child leaves the <lassroom. A gombination of rotivationa!
and cogniiivr interventions seems necessary to insure some degree of gen;ra1ization
outside of classroom situations where the child is on ﬁfs or her owr, without

the immediate supervision of the tra{ner or any other sources of acult euthority.

5. The program should be sensitive tc individual differences. All of

K
the literature, including the .task-oriented information-processing literature,

makes clear“that children differ both in their rate und style of learning an;/"/
e

task performance. A training program that does not take these differences into

. , 58' ///
. N <
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account cannot possiply work well for everyone, or even a majority of individuals.

6. The program should furnish links between the training it provides

and real-wcrld behavior. Ultimately, it 'is generalization to rea1-w6r1d tasks
that will determine the success or failure of a cognitive training program. ,

X 7/ : pes ce s X /
But given our knovl~dge of how difficult it is to obtain transfer even across

v

laboratory tasks, we cannot expect children to make connections between the

training they receive and real-world .task performance on their own. The pro-

(g

gram should build in the links, which can then serve as a basis for transfer

when the individual encounters related tasks in his or her everyday encounters

>

with the environment. ' ,

7. The prcgram should receive careful empirical evaluation, both as a

wholc ggé_ig_ijg_jggggg. It is well known to educators that it is often at
least as hard to termina}e a program as to initiate it. The investment of
“time and finarces that goes iﬁto training programs, not to mention the loss
of opporiunity to use the time and fihances for alternative programs, necessi-
tates a :1ose look at the success of a program, 'both as a whole and its its
facets. Few programs are totally successtul: An examination of the aspects
of a prugram will enable the evaluator to determine vhat aspects of th2 progran
have succeeded, what aspects have failed, and what aspects, if any, deserve ’
further neyg]obment.. ‘
/,In“;um, we believe that the theory now exists for forays jinto the domain "
/’6fzskills training. iwe alst believe that the technology is available for at

least musest success in these pro%;ams. But we believe the programs will be

for nought, as so many past ones have been, unless these prerequisites, at minirur,

are taken into account in program formulation and evaluation.
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Training Intellectual Skills

If one were to draw any single conclusion from the prerequisites for pro-
grams that train intellectual skills listed in the preceding section, it is
that there is no one program that works for everyone. As a result, in pro-

posing a training program, it is necessary to specify fairly exactly what

one's population is. In our case, we shall propose a training program for

intellectually gifted students who are now in or who plan to enter inl.o the
' -

mainstream dominant culture in the United States. Although this restric-

tion makes the target domain of our program somewhat limited, we sirungly

£

believe' that any good program must be.so 1imited. _A program that attempts
to be everything to everyone will be, on our view, nothing to anycre. Our

o

emphasis on the gifted here is in part a reflection of the ;ask‘ye vere as-
sigﬁed by the Commission on Excellence in Education, but also in part aﬂref1qé-
tion of our own interests. In order to outline the form our proposes program
would take, we need first to state what we mean by the:"inte11%?tua1!y gifted."

What is Intellectual Giftedness?

We propose that a key psychological basis of intellectual giftalness resides
in what might be referred tq as "insight skilis.' e prasent here ¢ psycholcoai-
cal account of what these insight skills might be. We refer to cir account as
as "subtheory of intellectual giftedness" in order to emphasize our viev that
although insight represents an.important part of the study of intg?lettual gif-

tedness, it does not répresent the whole story. Certainly other psvchological

functions--motivation, goal-directedness, logical skills, and so cn--censtiture
other parts of the story as well. We do believe, however, that insiz3t skills
form a particularly important part of intellectual giftedness.

Why use the study of insight skills as a-preferred entree for stidving

intellectual giftedness? We believe at least three bases exist for tnis preferencs.

A4

-
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First, significant and exceg;iona] intellectual accomplishments--for
example, major séientific discoveries, new‘and“important i:ventions, and
new and significant understandings of major 1itera}y, philosophical, and
similar works--almost always involve major inte'lectual insights. The
thinkers' gi;ts seem directly to 1ie in their iszight abilities, rather than
in their 1Q-1ike abilities or in their mere abilities to process information
rapidly. Indeed, it is by now well-known that some major thinkers, such as
Einstein and Watson (co-discoverer of DA}, did not test particularly well
on IQ tests, for whatever reasons;
Second, exceptional insight abilities are what tru1y.seem to set épart
the intellectually gifted from others. Wheréas the gifted seem only to dif-
fer quantjtatiVé1y from others in measures of 10, speed of information processing,
ideational fluency (as measured by stardard creativity tests), and the like,
the gifted seem to differ qualitative'y from others in their insight abilities.
Whereas the truly gifted may have several or even many ma&or intellectual
insights in their lifetimes, the nohgifted will prcbaﬁ]y have no kor very few)
ﬁ;jor intellectual insights in their *ifetimes (as opposed to the relztively

more minor kinds of insights that form the base, for term papers, everydqy

decision making, and the fike). Thus, the study of insight seems to form the

basis for an uUnderstanding of giftedness as a phenomenon in its own right rather

than merély as an extension of normal intellectuai fuq;tioning. If giftedness
is simply a quantitative extension of normal inta1lectual functioning, it s
not clear why giftedness should even b2 studied>in its own right rather than as
an extension of a general psychology of intelligence, creativity, or other
'sets of skills. i |

Finally, it is possible, in studyinyg inégght, to aet away from the kinds

of problems that have so often been used in the past that (a) require large




Inte]ligencé

F 4 , 60

amounts of knowledgé, and hence are biased against those with restricted edu-

cational opportunities; (b) exercise trivial and uninteresting skills tnat
are of interest only because they are easily measu(ed; (¢) emphasize speed
rather than exceptional quality of performance; an& (d)'hq§e mo theoretizal
basig in a psychology of inte]]ectua]'giftednuzs (as opposgp éo only a
general bsycho]ogy of fhe in;éT]ect, ar to no theory at aﬁ]). If one's
goal is to avoid pitfalls of past research, insight prob]emg seem at least
a good place to start assessment and “raining.

Iﬁ conclusion, insight problems scem to provide a theoretically sound

-

basis for understanding fntellectual gifted performance. But what insight
L o

processes should be trained? And what kinds of supplementarylskil]s need
to be trained to maximize the utilication oY insight skills?

What is to be Trained? . ,

2

Insight ski]]s?’ We believe tha< insights can be classified as being of

three kinds.

1. Selective encoding. An insicht of selective encoding ihvo]ves sifting

out of relevant information from irralevart informaticn. Sigrificant preblers
generally present one with large amounts bf irformation, only some of which is
relevant to problem sdlution. For example, the facts of a legal case are usu-
ally both numerous and ;onfusing. An insightful “lawyer must figuré out which of
the myriad facts confronting him or her are relevant to principles ?f law. Simi-
larly, a dnctor or psychotherapist may be presented with a great vol.me of infor-
mation regarding a patient's backgrcund and symptoms: An 1nsightfu1\doctor or
psychotherapist must sift out those facts that s:e relevant for diagA@sis and
treatment. A famous example of what w2 ref:- to as an insight of se]%ctive gn-
coding is Alexander Fleming's discovery°of geni:il1in. In looking at'@ petri cish
containing a culture that had become moldy, Flemiry noticed that bacte%ia in the

vicinity of the mold had been destroyed. presumably by the mold. Ir eszsncs, Fiz-.

62 | \,
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encoded the information in his visual field in a highly selective aa§, zeroing

in on that part of the field that was relevant to the discavery of the antibiotic.

2. Selective combination. An insight of selective combination involves

o

combining what might originally seem to be isolated pieces of inforﬁation into
a unified whole that may or may not reéemble its parts. Whereas selective
encoding 1nvo)yes knowiag which pieces of information are relevant, selective
-combination inyalves kncwing how to put together the pieces of information

that are relevant. -For example, the fawyer must know how the relevant facts
of a‘case fit together to make (or break!) a case. A doctor or psychothere-
pist must be able to figure out how to combine information about varicus icc-
lated symptoms to ident{fy a given medical (or psychological) syndrome. A
famous example 5¥ selective combination is Darwin's formulation of the theory

~ of evolution. It is well known that Darwin had available to him for many
years the faetg he needed to form the basis for the theory sf natural selec-
tion. Wnit eluded I'im for these years was a way to.combine these facts into
a coherert package. .

3. 3elective comparisoﬁ. An insight of selective compariscn involves

relating newly acquired information to information acquired in the past. Prob-
lem solving by analogy, for example, is an instance of selective corpariscn:
One realizes that new information is similar to old information in certain

- ways (and dissimilar to it in other ways), and uses this information better
to understand the new information. For example, an insightfq1 lawyer will
relate a current case to past legal precadents; choosing the right pfecedents
is absolutely essential. A doctor or psvchotherapist relates the currc.t

set of presenting symptoms to previous case histories in his (or her) own

or others' past experiences; again, choosing the right precedents is essen-

tial. A famous axauple of an insight of selective comparison is Kekuld's
" .

discovery of the structure cf the benzene riné. Kekulé dreamed of a smaie
curling back on itself and catching its tail. When he woke up, he realized
Qo that the image of the snzke catching its tail was an image of the structurz of

ERIC 5
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the benzene ring. N - ,
Metacognitive skills. Insighg,ski115 do not, of course, operate in a ¢

vacuum. Rcther, they zre supported by a backdrop of metacogn%tive skills and
kn?wledge *hat serve as bases for and facilitators of the insights. We belicve
that nine metacog:iiive skills are of central importance to Ehe generation of
insightful thinking. '

1. Froblem identification. The individual recognizes the nature of the

problem cecnfronting him or her. For example, in a scientific context, finding

g

a suitab.e problem to work on is :> essential skill.

2. Process selection. The 1ndividga1 selects a set of processes or steps
that are appropriate %or solving the problem as identified. For example, the
individual decides upon th2 steps reeded in order to research the probiem
he or sﬁe has chosan to subject to soientific‘}nvestigation.

3. Strategy se'ection. - The individual selects a way of combining the

procassec or -steps that have been selected into a workable strategy for prob-
lem solution. For example, the individual -decides how to sequence the steps
< [y

of the s:ientific experiment in a logical order.

4. Represeniation selection. The individual selects a way of represent-

ing inforimation about the problem. For example, the scientific expérimenter

might ciicese to draw diagrams, make tables, write an outline, or otherwise

W

represert the experimental design and procedure he or she has chosen.

5. Allocation.of resources. The individual decides how to alloce’e
limited resourceslto the.solution of the given problem. For example, the
experimenter deciqes how many observations are needed in the experimert, how
much time is required for each observation, what kinds of physical resources

will be needed for carrying out the experimerit, and so on.

6. Solution monitorina. The individual monitors his or her proaress as
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the ;hosen strategy is executed. For example, the experimente;\keeps track
of how the experiment is going, and if it is ﬁét going wall, dec%ﬁes What ‘
steps to take in order to sa1vagelit, or decides to scrap it altogéther.

7. Sensitivity to feedback. The person is aware 6f and kncws ﬁpw to

interpret external feedback regarding the adequacy of his or her chosen
) ) . \
strategy. For example, the experimenter is sensitive to feedback fr3m others

regarding the adequacy of his or her experimental design. \

"8, Translation of feedback into an action plan. The individual kncws\
- \\
how to use the fecedback he or she receives in order to improve the sirategy "\

‘that has been sclected. For example, the experimenter uses the fradback he
or she receives to modify the experimental design so as to make it oatter.

9. Implemcntation of the action plan. The individual acts upon the

feedback, implemunting the revised action plan. For example, the experi-

menter actually implements the newly selecfted experimental des?gn ira re-
/

vised or augmenlcd experiment.

Cognitive shills. The number cf cognitive skills potentially applica-

¥ .
ble to problems requiring creative insights is undoubtedly extrerei: large.

. Nevertheless, our work on inductive thinking has suggested that certain cog-

nitive skills are particularly critical in a varfety of tasks reguiring in-
sights of one kind of another. We would note here, ta\:articular, Tive

such skills.”

1. Infgrggcg: The individual discovers cne-or more relations betueen
two stimulus eiPWﬂnts. For example, the expefimenter uncderstands now two
seeminé]y discrepant experimental outcomeg can be reconciled.

2. Mappiny. The individual discovers one or more higher-order relaticn.
between two low:t-order relations. For examﬁTe, the exrcarimenter cormss to
understand how tho relation he or she has inferred can bz relates to ralationt

between experiu:iial outcomes obtained in:previcus research,
s ! .
/ oot
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3. Application. The individual carries over a previously inferred rela-
NS M

tion to a new domain. For example, the experimenter uses the relation he cr she

has inferred to predict a .esult in a new experiment.
4, Comparison. The individual compares alternative possihle solutions

to a problem and decides which is the best from anuiig them. For example, the

.

_ experimenter decides which of several interpretations of a set of experimen-

tal results is most consistent with the preseciit (and possibly past) data.

5. Justificatioﬁ. The individual compares an obtained outcome to an

ideally conceived one, and evaluates to degree of difference. For example,
the scientist decides whether the ovtcomes he or she has obtained are suf-
ficiently different from the expected ones t5 justify rejection cf one or rore
null hypotheses. ‘

Content Vehicles for Training

Our proposed training program would involve tiaining students in these
ingight, metacognitive, and cognitive skills in three content dcmains:
(a) science (physical and biological); {b) history ard government; and (c)
literature.

" In the scientific domain, students would be in the role of scientists
seeking new and significant discoveries.‘ Major discoveries of the p;st would.
be presented in case stuay form, but tie scientists' solutions and sojution
steps would be omitted. Studentis would be required to'design ekperiments ‘
and interpret alternative qusib1e outcomes of the experiments. Thus, they
would proce;d through the major steps of scientific thinking. The experi-
mental exercises would be graded in difficulty and amcunt of guidance In
ear]y case stud1es, students would be pr-esented vith re1at1ve1y easier prchl
and would be gu1ded through the uses of the skills oescr1bed above. As the

students proceeded, the cases would becowe more Qiff1cu:t, and the amounts of

66 ]
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guidance would be reauced.‘ Although students would be encouraged to make de-
cisions .and eva1uetions on their own, active group discussion would be 2 part
' of the learning process after students had made “initial 1nd1v1dua1~efforts..
Students would thus learn froT eaeh other, as well as from debrie;ing--after
these discussions--of what the scientist dealing with the problem actual1} dig.

In the social-studies (history and gevernmene) domain, s;udents would
role-play government policy-makers. Major domestic and foreign problzms faced
by governments in the past and present would be presented in case-stucy fc;m.
Students would be required to decide on what kinds of further information they
necded to solve the prob1ems,.and then proceed on the basis of the information
they have co11ec£ed; Thus, the students would proceed through the major steps
of thinkiné required of policy-makers. The cases would be gradex in difficulty
and con1exity, and the aﬁount of guidance provided to students would decreass
with successive;case studies.. Again, students would be encouraged ir work on
their own initia11;, and then to participate in group discussions led by the
tegcher. After the discussions had been completed, students would be igformed

¢’

of howvshe’policy-makers had arr%Ved at their own decision, and of vhat decisice
they had arr1ved at. ; P -

I'n the 11terature domain, students be presented with works of literature
for in-depth interpretation. Major works would ‘be presented, and stiudents
would be in the role of 1iterary critics having to critique the literary work.
Studeh;s wculd be‘required to de¢ide what aspects. of tie work to critique, and
how to critiqu; it. As in.the above instances, -passages wou1d be slcce>s1ve1'
graded in difficulty and complexity, and amount of guidance would dee ase w1th,3
successive pussages. The same format Qf individual work followed by graup

"
K

discussipn would be used as in the above instinces.

We believe that an intensive tbgining’program concentrating on insights
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in three important intellectual doéains will help students become aware of
and develop their own insight skills. We suggest that-many students have

such sk111s, but that they 11e dormant as a result of many current curricular

practices. Our goal would be to draw out these abilities as muqh as possible,

and then to help students develop them. Althsugii *he content domains we have

suggested seem particularly susceptible to the'kinas of training we have suégested,'
other domains might be considered as well, decending upon students' interesis ‘
and needs: Indeed, we believe our theory general enough to support analysis

.

and training-in any domain of inte11ectua1-endeauor.

One might well ask how our‘training prograr would differ from a first-rate
coufse‘in scientific thought, history.‘or licerature. In our opinion, our pro-
gram does -not differ from such urograms at ‘all, except in its-cross-discipltnary
emphasis and possibly in its concentration'uppn thought processes rather tnan
the outcomes of-these procéSses: We stwongiy belie:e that the best.inte1T%c¢ua1
training is-a high-level, rigorous,. substantive course in an area of the student s
interest. We do not generally favor 1*‘e11etua1 skilis training pigograms tuat
concentrate upon developing students' abilities to solve IQ testlike items. Such
training seems more geared to tests and testlike er1ter1a used to assess programs
than it is geared to deve1op1ng genuine 1nte11ectua1 skills. Especially for .the
g1fted, if there is one thing we believe they do not need, it 1s tra1n1ng on I1Q :
test items. Such test 1tems have usua1‘y been used to classify the gifted as
gifted. But they are not what make the gifted, g1fted _No one-has eve: made a
major contribution to séciety bu expertise in solving IQ test probfems.

To conclude, we have suggegted a tueor} of what it is that distirguishes
the inte11ectua11y gifted from the intellectually typical student, and Lave pro-
posed a broad outline of a training"program‘based on ou} theory. Although the

MY

program has not been implemented or even vholly written, we believe that the

v \ﬁ‘ l é8
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program is both theoretically warranted and technically feasible. Moreover,
T we ?e]ieve it could be implemented in a way that meets the prerequisites pre-
sehted; earlier, Such 2 program seems like a fair culmination of the kind oé
review we Fave prcvided in this document; We y9u1d hope it capitalizes upon
what we have learnsu :bout‘infe11igeﬁce and ts relationship to Sgg;ation,

at the seme time that it bypasses some of the deficigggies’E?/bast agproaches.

T

s [
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